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Executive  Summary 

Although  China  continues  to  lag  approximately  two  decades  behind  the  world’s  most  so¬ 
phisticated  air  forces  in  terms  of  its  ability  to  develop  and  produce  fighter  aircraft  and  other 
complex  aerospace  systems,  it  has  moved  over  time  from  absolute  reliance  on  other  countries 
for  military  aviation  technology  to  a  position  where  a  more  diverse  array  of  strategies  can  be 
pursued.  Steps  taken  in  the  late  1990s  to  reform  Chinas  military  aviation  sector  demonstrated 
an  understanding  of  the  problems  inherent  in  high-technology  acquisition,  and  an  effort  to 
move  forward.  However,  a  decade  later  it  remains  unclear  how  effective  these  reforms  have 
been.  Where  are  the  Peoples  Liberation  Army  Air  Force  (PLAAF)  and  Chinas  military  aviation 
industry  headed?  What  obstacles  must  be  overcome  for  China  to  join  the  exclusive  ranks  of 
those  nations  possessing  sophisticated  air  forces  and  aviation  industries  capable  of  producing 
world-class  aircraft? 

This  study  identifies  potential  aviation  technology  development  and  procurement  strat¬ 
egies,  presents  a  general  model  of  the  options  available  to  developing  countries,  and  applies 
that  model  to  explain  Chinese  procurement  and  aviation  technology  acquisition  efforts  over 
the  last  60  years.  The  model  articulates  three  main  technology  procurement  avenues:  purchase 
(buy),  indigenous  development  (build),  and  espionage  (steal),  and  three  subavenues:  reverse 
engineering  (combining  buy/steal  and  build),  coproduction  (combining  buy  and  build),  and 
codevelopment  (combining  buy  and  build,  with  an  emphasis  on  build).  It  examines  the  costs, 
benefits,  and  tradeoffs  inherent  in  each  approach.  Four  variables  influence  decisions  about  the 
mix  of  strategies:  (1)  a  country’s  overall  level  of  economic  development,  in  particular  the  state  of 
its  technical/industrial  base;  (2)  the  technological  capacity  of  a  country’s  military  aviation  sec¬ 
tor;  (3)  the  willingness  of  foreign  countries  to  sell  advanced  military  aircraft,  key  components, 
armaments,  and  related  production  technology;  and  (4)  the  country’s  bargaining  power  vis-a- 
vis  potential  suppliers. 

In  applying  the  model,  we  divide  the  evolution  of  China’s  military  aviation  industry 
into  five  periods  based  on  China’s  changing  access  to  foreign  suppliers  of  military  aircraft 
and  aviation  technology.  Soviet  assistance  (1950-1960)  provided  the  foundation  for  China’s 
military  aviation  industry,  which  cut  its  teeth  coproducing  Soviet  fighter,  bomber,  and  trans¬ 
port  aircraft.  Given  Western  embargoes,  Moscow  offered  the  only  viable  path  to  advanced 
aviation  technology  and  provided  assistance  on  favorable  terms  to  support  its  communist 
ally.  The  second  period  (1960-1977)  is  marked  by  the  Sino-Soviet  split,  which  eliminated 
Chinese  access  to  cutting-edge  aviation  hardware.  China  continued  to  produce  and  make 
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modest  refinements  to  1950s  vintage  Soviet  aircraft  designs,  using  reverse  engineering  to  fill 
in  gaps  where  technical  information  was  lacking.  In  the  third  period  (1977-1989),  China 
gained  some  access  to  Western  aviation  components  and  technologies  and  sought  to  apply 
them  to  a  variant  of  the  J-8  (a  twin  engine  fighter  based  on  a  modified  MiG-21  design)  and 
the  JH-7  (a  fighter-bomber  with  a  British  engine).  The  fourth  period  (1989-2004)  is  marked 
by  Western  bans  on  arms  sales  to  China  in  the  wake  of  Tiananmen,  Sino-Soviet  rapproche¬ 
ment  (leading  to  sales  of  advanced  Russian  fighters  and  coproduction  arrangements),  and 
a  brief  but  important  window  of  access  to  Israeli  technologies.  Covert  access  to  advanced 
Western  fighters  and  espionage  (in  both  traditional  forms  and  via  computer  network  opera¬ 
tions)  also  began  to  make  more  contributions. 

In  the  fifth  period  (2004-present),  China  has  enjoyed  increased  access  to  foreign  com¬ 
mercial  aviation  technologies  and  has  benefited  from  a  “spin-off,  spin-on”  dynamic  in  gaining 
commercial  access  to  dual-use  technologies  and  applying  them  for  military  purposes.  How¬ 
ever,  Chinas  legitimate  access  to  advanced  military- specific  technologies  has  been  reduced  as 
Western  sources  of  supply  remained  closed  and  Russia  has  become  more  reluctant  to  provide 
advanced  aviation  technology  due  to  Chinas  reverse  engineering  of  the  Su-27,  fear  of  future 
competition  for  export  markets,  and  concerns  about  Chinas  long-term  strategic  direction. 

China  has  used  coproduction,  selected  purchases  of  advanced  aircraft,  reverse  engineer¬ 
ing,  and  foreign  design  assistance  to  build  a  capable  military  aviation  industry  with  a  significant 
indigenous  design  and  production  capacity.  The  Chinese  military  aviation  industry  can  now 
produce  two  fourth-generation  fighters  roughly  equal  to  those  in  advanced  air  forces:  the  J— 10 
(indigenously  developed  with  Israeli  assistance)  and  the  J-11B  (based  on  coproduction  and 
reverse  engineering  of  the  Su-27).  Both  aircraft  still  rely  on  imported  Russian  turbofan  en¬ 
gines.  Test  flights  of  the  new  J— 20  stealth  fighter  prototype  demonstrate  Chinese  ambitions  to 
build  fifth- generation  fighters,  but  the  extent  to  which  the  J— 20  will  match  the  performance  of 
state-of-the-art  Russian  and  Western  fighters  is  unclear.  Significant  technical  hurdles  in  engine 
design,  avionics,  and  systems  integration  are  likely  to  delay  operational  deployment  of  the  J— 20 
until  about  2020.  This  would  be  about  15  years  after  the  F-22  entered  U.S.  Air  Force  service, 
supporting  an  overall  assessment  that  the  Chinese  military  aviation  industry  remains  15-20 
years  behind. 

Producing  state-of-the-art  fighters  requires  an  aviation  industry  to  master  a  range  of  high¬ 
ly  advanced,  military-specific  technologies.  The  historical  development  of  Chinas  military  avia¬ 
tion  industry  reflects  an  ongoing  tension  between  the  desire  for  self-reliance  in  defense  and 
the  need  for  access  to  advanced  foreign  technologies.  Chinas  legitimate  access  to  cutting-edge 
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Western  military  technologies  will  likely  remain  curtailed  and  Russian  reluctance  to  supply 
advanced  military  technologies  will  likely  grow.  These  assumptions  support  two  important  con¬ 
clusions.  First,  the  Chinese  military  aviation  industry  will  have  to  rely  primarily  on  indigenous 
development  of  advanced  “single-use”  military  aviation  technologies  in  the  future.  The  Chinese 
government  is  pursuing  a  range  of  “indigenous  innovation”  and  technology  development  pro¬ 
grams,  but  mastering  advanced  technologies  becomes  more  difficult  and  expensive  as  a  country 
moves  closer  to  the  technology  frontier.  This  leads  to  a  second,  related  conclusion:  China  will 
likely  rely  more  heavily  on  espionage  to  acquire  those  critical  military  aviation  technologies  it 
cannot  acquire  legitimately  from  foreign  suppliers  or  develop  on  its  own. 
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Introduction 

Although  China  continues  to  lag  approximately  two  decades  behind  the  world’s  most  so¬ 
phisticated  air  forces  in  terms  of  its  ability  to  develop  and  produce  fighter  aircraft  and  other 
complex  aerospace  systems,  it  has  moved  over  time  from  absolute  reliance  on  other  countries 
for  military  aviation  technology  procurement  to  a  position  where  a  more  diverse  array  of  strat¬ 
egies  can  be  pursued.  Steps  taken  in  the  late  1990s  to  reform  Chinas  military  aviation  sector 
demonstrated  an  understanding  of  the  problems  inherent  in  high-technology  acquisition,  and 
an  effort  to  move  forward.1  However,  a  decade  later  it  remains  unclear  how  effective  these  re¬ 
forms  have  been.  Where  are  the  People’s  Liberation  Army  Air  Force  (PLAAF)  and  China’s  mili¬ 
tary  aviation  industry  headed?  What  obstacles  must  be  overcome  for  China  to  join  the  exclusive 
ranks  of  those  nations  possessing  sophisticated  air  forces  and  aviation  industries  capable  of  pro¬ 
ducing  world-class  aircraft?  Answering  these  and  related  questions  are  at  the  heart  of  this  study. 
Because  advanced  fighter  aircraft  exemplify  the  most  sophisticated  level  of  aerospace  technol¬ 
ogy,  are  important  for  air  force  combat  capabilities,  and  present  unique  design  and  fabrication 
challenges  for  a  military  aviation  industry,  the  authors’  analysis  focuses  primarily  on  China’s 
efforts  to  acquire,  produce,  and  develop  fighter  aircraft  and  related  technology.  It  also  includes 
some  discussion  of  bombers,  transports,  and  airborne  early  warning  aircraft  where  relevant  to 
Chinese  technology  development  and  acquisition  efforts. 

Approaches  to  Technology  Development  and  Procurement 

Few  things  differentiate  the  lethality  of  an  air  force  more  than  the  level  of  technology  in 
its  most  advanced  aircraft.  Historically,  advantages  in  aviation  technology  have  often  translated 
into  significant  advantages  in  combat  environments,  especially  for  fighter  aircraft.  In  the  current 
environment,  the  world’s  most  advanced  air  forces  have  access  to  fifth-generation  fighter  air¬ 
craft  technology.2  Fifth-generation  fighters  are  characterized  by  the  incorporation  of  advanced 
technologies  such  as  stealth,  integrated  avionics  systems,  thrust  vectoring,  and  helmet-mounted 
sights.3  The  technological  demands  of  designing  and  producing  advanced  fighters  present  con¬ 
siderable  challenges  for  developing  countries.  They  may  want  an  air  force  that  is  on  par  quali¬ 
tatively  with  the  world’s  most  advanced,  but  usually  lack  an  aviation  industry  capable  of  pro¬ 
ducing  cutting-edge  fighter  aircraft  technology.  A  developing  country  may  be  able  to  produce 
some  highly  sophisticated  components,  but  lack  the  knowledge  or  industrial  capacity  to  design 
and  build  all  necessary  components  or  to  integrate  them  into  a  finished  product.  Industrial 
capacity  refers  to  the  ability  to  fabricate  each  component  part  that  goes  into  the  final  product 
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and  assemble  it  using  indigenous  labor.  Knowledge  encompasses  the  know-how  to  design  and 
manufacture  component  parts,  together  with  requisite  competence  in  areas  such  as  systems 
engineering,  which  is  critical  to  integrating  various  complex  systems  into  a  working  unit.4 

Developing  countries  incapable  of  producing  cutting-edge  fighters  on  their  own  must  seek 
to  acquire  complete  aircraft  or  technologies  from  countries  willing  to  sell  them  advanced  aircraft 
or  to  export  or  codevelop  the  relevant  technologies.  However  a  number  of  factors  might  dissuade 
countries  with  an  advanced  aviation  technology  base  from  exporting  aircraft  or  advanced  aviation 
technologies  to  a  particular  developing  country  The  exporter  country  might  view  such  transfers 
as  potentially  harmful  to  its  security  interests  if  it  is  unsure  about  the  developing  country’s  long¬ 
term  intentions.  It  might  seek  to  avoid  entering  into  a  technology  transfer  relationship  out  of 
deference  to  its  relationship  with  allies  or  other  customers.  Allies  might  use  leverage  to  dissuade 
potential  exporters  from  making  arms  sales  or  technology  transfers  to  developing  countries  about 
which  they  have  security  concerns.  Nevertheless,  access  to  foreign  advanced  fighters  and  aviation 
technology  is  critical  for  developing  countries  seeking  to  build  a  modern  air  force. 

Buy,  Build,  or  Steal 

Countries  whose  overall  level  of  economic  development  and  relatively  backward  avia¬ 
tion  industry  limit  their  aircraft  production  capability  have  the  three  basic  options  of  purchase 
(buy),  indigenous  development  (build),  or  espionage  (steal)  in  their  efforts  to  develop  a  modern 
air  force.  For  countries  in  this  situation,  all  three  options  have  significant  limitations. 

Buy 

Buying  imported  aircraft  allows  a  developing  country  to  obtain  more  advanced  fighters 
than  its  indigenous  aviation  industry  can  produce.  Buying  complete  aircraft  offers  a  develop¬ 
ing  country  a  relatively  fast  way  to  build  its  air  force’s  combat  capability  (although  in  practice 
it  may  take  4  to  5  years  from  the  time  a  deal  is  signed  until  a  unit  equipped  with  a  new  fighter 
reaches  initial  operational  capability).  Often  a  deal  to  purchase  advanced  fighters  includes  flight 
training,  assistance  with  maintenance,  and  the  acquisition  of  spare  parts  necessary  to  maintain 
operational  readiness.  This  can  not  only  speed  the  introduction  of  the  aircraft  into  service,  but 
also  improve  the  acquiring  air  force’s  human  capital  and  overall  capabilities.  Because  purchasers 
usually  have  the  opportunity  to  “fly  before  they  buy,”  there  is  a  clearer  sense  of  what  the  capabili¬ 
ties  of  the  aircraft  will  be  and  less  risk  of  technological  failure  or  inadequate  performance. 

The  disadvantages  of  building  a  modern  air  force  using  imported  aircraft  include  the 
relatively  high  cost,  limited  transfer  of  technology  to  the  aviation  sector,  and  continuing 
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dependence  on  foreign  suppliers.  Buyers  are  also  limited  to  the  aircraft  that  supplying  com¬ 
panies  are  willing  to  sell;  advanced  countries  often  restrict  the  type  of  aircraft  or  the  sophis¬ 
tication  of  avionics  and  weapons  systems  that  can  be  exported  due  to  strategic  concerns  or 
to  maintain  a  technological  advantage  for  their  own  air  force.  A  common  approach  is  to 
export  last  generation  systems  or  watered-down  versions  of  the  most  advanced  fighters. 
This  enables  the  United  States,  Russia,  and  European  powers  to  maintain  a  long-term  com¬ 
petitive  advantage  in  military  aviation  technology  and  a  measure  of  air  power  dominance 
over  their  customers. 

Purchases  of  complete  aircraft  do  not  produce  jobs  or  technological  spin-offs  for  the  ac¬ 
quiring  countries  (though  this  may  be  partly  overcome  by  the  use  of  offsets  in  the  contract  that 
require  the  seller  to  accept  payment  in  the  form  of  goods  produced  by  the  buyer).  Finally,  the 
acquiring  country  will  usually  have  a  limited  capacity  to  produce  spare  parts  for  an  imported 
aircraft  or  to  modernize  its  systems,  resulting  in  long-term  dependence  on  the  seller  in  order 
to  keep  the  aircraft  flying  or  to  update  an  older  aircraft’s  systems.  This  can  be  problematic  if  the 
seller’s  economy  goes  through  a  major  transition  (note,  for  example,  India’s  difficulty  in  acquir¬ 
ing  spare  parts  for  its  Soviet  aircraft  following  the  breakup  of  the  Soviet  Union)  or  if  changes  in 
political  relations  make  the  supplier  unwilling  to  continue  to  provide  spare  parts  and  mainte¬ 
nance  (compare  Iran’s  U.S. -built  McDonnell-Douglas  F-4,  Northrop  F-5,  and  Grumman  F-14 
aircraft  following  the  Iranian  revolution  in  1979).  Variations  on  the  “buy”  option  such  as  copro¬ 
duction  are  discussed  later  in  this  study. 

Build 

The  pure  “build”  option  requires  planning,  designing,  and  producing  the  desired  fighter  sys¬ 
tem  utilizing  only  indigenous  knowledge  and  production  facilities.  A  developing  country  may 
invest  significant  resources  in  research  and  development  (R&D)  to  build  its  domestic  aviation 
technology  production  base.  However,  this  requires  a  significant  investment  of  both  capital  and 
human  knowledge  and  presents  large  opportunity  costs  on  both  fronts.  If  a  developing  coun¬ 
try  seeks  to  push  its  aviation  sector  well  beyond  the  technological  development  of  its  broader 
economy,  this  entails  costly  efforts  with  limited  broader  payoffs  as  scarce  engineering  talent  and 
resources  are  focused  on  narrow  military  applications.  If  a  developing  country  tries  to  push  the 
overall  technological  capacity  of  the  broader  economy,  this  entails  a  much  longer  time  period  be¬ 
fore  improvements  spill  over  and  raise  the  technological  level  of  the  aviation  industry. 

The  chief  advantages  of  indigenous  development  are  that  a  developing  country  can  master 
the  technologies  required  to  design  and  build  a  fighter,  limit  its  reliance  on  imported  parts  and 
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technologies  (and  thus  its  potential  vulnerability  to  a  cutoff  that  might  limit  combat  readiness), 
and  diffuse  some  benefits  of  aircraft  R&D  and  production  into  the  broader  economy  (in  the 
form  of  jobs  and  technology  spin-offs).  Over  time,  indigenous  production  can  lay  the  founda¬ 
tion  for  a  domestic  aviation  industry  capable  of  designing,  producing,  and  potentially  exporting 
complete  fighter  aircraft. 

The  disadvantages  are  that  a  developing  country’s  aviation  industry  may  only  be  able  to 
produce  low-quality  aircraft  with  limited  combat  capability,  that  large  technological  hurdles  and 
a  high  learning  curve  must  be  overcome  to  establish  an  advanced  aviation  industry,  and  that  the 
long  period  required  to  learn  to  develop  and  produce  a  modern  fighter  may  yield  aircraft  that 
are  obsolete  before  they  are  fielded.  There  is  also  no  guarantee  that  investments  in  aviation  R&D 
and  production  capacity  will  pay  off.  Few  defense  projects  historically  have  been  more  costly, 
slower,  or  more  prone  to  unforeseen  difficulties  than  those  undertaken  to  produce  new  fighter 
aircraft.5  It  is  possible  for  a  developing  country  pursuing  the  economic  and  technological  spin¬ 
offs  from  indigenous  design  and  production  to  spend  much  more  than  it  would  have  cost  to  buy 
an  advanced  fighter  from  a  foreign  supplier,  only  to  wind  up  with  an  inferior  aircraft.  Japans  F-2 
fighter  provides  a  good  illustration. 

Steal 

A  developing  country  can  use  surreptitious  means  to  steal  design  and  technology  infor¬ 
mation  on  aircraft  and  aircraft  components  that  it  lacks  the  knowledge  to  design  and  produce 
domestically.  This  can  be  accomplished  using  covert  procurement  (often  through  third  coun¬ 
tries),  traditional  espionage  methods,  or  computer  network  intrusion  methods  to  exfiltrate  the 
desired  information.  Individuals  with  access  to  information  on  classified  weapons  systems  are 
prime  targets  of  foreign  intelligence  organizations.  Cyber  espionage  attacks  against  U.S.  targets 
including  military/government  organizations  and  defense  contractors  have  reportedly  been 
successful  in  obtaining  sensitive,  though  not  classified,  data.6  The  “steal”  option  can  be  used  to 
gain  blueprints  or  examples  of  weapons  to  use  in  reverse  engineering  a  subsystem  or  to  develop 
countermeasures  that  make  a  threat  aircraft  less  effective  in  combat. 

The  principal  advantage  of  the  “steal”  option  is  the  potential  to  acquire  advanced  systems 
or  technologies  that  other  countries  are  unwilling  to  sell.  In  some  cases,  espionage  can  allow  a 
country  to  acquire  advanced  technology  without  spending  funds  on  its  own  research  and  de¬ 
velopment.  The  disadvantages  include  a  developing  country’s  limited  ability  to  absorb  or  repli¬ 
cate  stolen  systems  and  technologies  without  technological  support  from  the  manufacturer,  the 
haphazard  and  potentially  incomplete  access  to  systems  and  technologies  through  clandestine 
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or  surreptitious  means,  and  the  potential  for  espionage  to  send  a  country’s  aviation  industry 
down  a  blind  alley  In  discussing  the  degree  to  which  China  has  employed  the  “steal”  option, 
we  should  differentiate  its  comprehensive  efforts  to  collect  and  assimilate  open  source  defense 
information  (for  example,  through  the  China  Defense  Science  and  Technology  Information 
Center)  from  its  efforts  to  obtain  restricted  technologies  covertly,  by  way  of  either  traditional 
or  cyber  espionage.  Exploiting  the  volumes  of  technical  open  source  information  produced  in 
developed  countries  is  an  effective,  legitimate,  and  predictable  way  to  acquire  knowledge.7 

Of  these  three  main  avenues  to  technology  procurement,  the  “build”  option  is  the  only  one 
with  the  potential  to  stimulate  innovation  and  create  a  broad-based  domestic  aviation  industry 
from  a  low  initial  starting  point.  The  United  States  and  Russia  produce  the  world’s  most  com¬ 
plex  fighter  aircraft  and,  although  they  gained  the  ability  in  the  midst  of  different  economic  and 
political  circumstances,  both  were  only  able  to  reach  this  status  through  the  ability  to  develop 
new  technologies.  Simply  buying  fighter  aircraft  from  another  country,  with  no  plans  to  reverse 
engineer  or  coproduce,  does  not  help  a  developing  country  move  toward  self-reliance.  The  steal 
option  can  have  benefits  if  a  developing  country  is  able  to  obtain  the  information  it  needs  with¬ 
out  having  to  expend  the  necessary  resources  on  R&D.  However,  simply  possessing  a  blueprint 
does  not  guarantee  success  in  reproducing  the  design,  especially  for  a  developing  country  with 
a  limited  aerospace  production  capacity. 

Hybrid  Approaches:  Reverse  Engineering,  Coproduction, 
and  Codevelopment 

Hybrid  approaches  blend  elements  of  buy,  build,  and  steal  in  different  combinations.  This 
section  considers  reverse  engineering,  coproduction,  and  codevelopment  as  means  of  develop¬ 
ing  and  acquiring  aviation  technology  and  building  an  advanced  military  aviation  industry. 

Reverse  Engineering 

Reverse  engineering  is  the  process  of  acquiring  an  aircraft,  weapons  system,  or  component 
and  then  taking  it  apart  to  understand  how  it  works  and  potentially  how  to  replicate  or  defeat  it. 
The  initial  acquisition  may  be  done  through  legitimate  purchase  (buy)  or  covert  procurement 
(steal).  Successful  reverse  engineering  requires  a  certain  level  of  technological  sophistication 
in  a  country’s  aviation  industry  (for  example,  some  degree  of  “build”  experience  and  capacity). 

Reverse  engineering  can  serve  several  functions.  Disassembling  a  mechanical  or  elec¬ 
tronic  device  reveals  its  inner  workings,  yielding  understanding  of  how  it  functions,  the  spe¬ 
cific  technologies  and  components  involved,  and  identifying  successful  design  paths  that  can 


9 


China  Strategic  Perspectives,  No.  4 


be  emulated.  It  may  be  possible  to  replicate  the  system  or  component  by  producing  an  exact 
clone  of  an  aircraft  component  or  weapons  system.  The  knowledge  gathered  from  reverse 
engineering  may  be  incorporated  into  a  newly  designed  subsystem  that  bears  some  resem¬ 
blance  to  the  original  but  is  not  an  exact  copy.  As  in  the  case  of  the  “steal”  option,  a  developing 
country  might  use  reverse  engineering  to  gain  understanding  of  an  aircraft’s  weapons  systems 
or  radars  so  that  it  can  develop  effective  countermeasures.  Developing  countries  often  assume 
that  reverse  engineering  can  help  accelerate  development  in  certain  sectors  of  the  economy.8 
Examples  of  weapons  reverse  engineering  do  not  validate  this  assumption  in  each  case  but 
rather  suggest  that  success  depends  on  a  number  of  country-specific  factors. 

Developing  countries  sometimes  attempt  to  purchase  a  small  number  of  sophisticated 
fighters  or  advanced  components  from  another  country  for  the  sole  purpose  of  trying  to  re¬ 
verse-engineer  them  in  order  to  produce  copies  or  gain  knowledge  about  the  component  parts. 
(China  was  notorious  for  its  efforts  in  the  1980s  and  early  1990s  to  purchase  small  quantities 
of  advanced  fighters  and  aviation  components.)  If  a  country  is  able  to  purchase  small  quanti¬ 
ties  and  successfully  reverse  engineer  them,  the  savings  in  development  time  (compared  to 
completely  independent  development)  and  money  (compared  to  a  purchase  of  large  quantities 
of  aircraft  or  components)  may  be  significant.  However,  this  runs  counter  to  the  seller’s  best 
interests.  Advanced  arms  suppliers  such  as  the  United  States  or  Russia  have  no  motivation  to 
sell  a  small  number  of  fighter  aircraft  to  a  country  with  the  industrial  capacity  to  copy  them.  A 
more  usual  variant  can  occur  when  a  developing  country  procures  a  large  quantity  of  an  aircraft 
and  then  attempts  to  reverse  engineer  parts  and  components  to  reduce  its  dependence  on  the 
original  seller  for  spare  parts.  (Both  India  and  China  have  often  pursued  this  approach.)  This 
option  is  often  explicitly  banned  by  the  sales  contract,  but  the  buyer  may  have  a  limited  capacity 
to  enforce  these  provisions  once  the  sale  is  complete. 

A  developing  country  may  also  use  covert  procurement  through  a  third  party  in  order  to 
acquire  access  to  small  quantities  of  an  aircraft  or  component.  An  ally  with  legitimate  access  to 
advanced  fighters  or  aviation  technology  may  act  as  a  “cut  out”  and  either  sell  or  turn  over  a 
working  example  of  the  aircraft  for  reverse  engineering  purposes.  One  widely  cited  example  is 
the  assumption  that  Pakistan,  which  purchased  F-16  fighters  from  the  United  States,  may  have 
provided  China  with  access  to  F-16  fighters  and  components.  It  is  impossible  to  definitively 
determine  the  extent  of  access  China  may  have  had  to  Pakistani  F-16s  in  the  1980s,  but  sources 
claim  that  Chinese  technical  personnel  visiting  Pakistan  in  the  early  1980s  were  allowed  to  ex¬ 
amine  the  U.S.-made  fighter.9  China  may  also  have  obtained  some  access  to  F-16  technology 
through  its  defense  cooperation  with  Israel.10 
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In  some  cases,  a  country  may  be  able  to  acquire  an  adversary’s  military  hardware  as  a  re¬ 
sult  of  serendipitous  circumstances,  such  as  cases  where  a  pilot  loses  his  way  in  bad  weather  or 
defects  with  his  aircraft.11  For  example,  during  the  second  Taiwan  Strait  crisis  in  fall  1958,  the 
United  States  equipped  Taiwan’s  F-86F  Sabres  with  the  AIM-9  Sidewinder  infrared  (IR)-guided 
air-to-air  missile  (AAM).  On  September  28,  1958,  an  F-86F  fired  and  hit  a  PLAAF  MiG-17 
with  a  Sidewinder  that  lodged  in  the  MiG’s  fuselage  without  exploding.  The  Soviet  Union  con¬ 
vinced  China  to  turn  over  the  unexploded  missile  and  successfully  reverse  engineered  it  as  the 
K-13.  Soviet  engineer  Gennady  Sokolovskiy  described  acquisition  of  the  Sidewinder  as,  “a  uni¬ 
versity  offering  a  course  in  missile  construction  technology  which  has  upgraded  our  engineer¬ 
ing  education  and  updated  our  approach  to  production  of  future  missiles.”12 

The  biggest  benefit  of  reverse  engineering  is  that  a  developing  country  can  sidestep  some 
of  the  R&D  investment  required  to  develop  advanced  weapons  technologies.  Unlike  the  pure 
“buy”  option  where  a  developing  country  merely  operates  the  system  it  purchases,  reverse  engi¬ 
neering  can  lead  to  significant  technical  discoveries  that  propel  a  nation’s  defense  industry  for¬ 
ward.  (The  Soviet  effort  to  reverse  engineer  the  AIM-9  Sidewinder  AAM  is  one  such  instance.) 
This  is  not  always  the  case,  however.  Reverse  engineering  might  allow  for  better  understanding 
of  a  complex  piece  of  military  hardware,  but  there  is  no  guarantee  that  a  country  can  produce 
an  exact  clone  or  functional  equivalent.  Individual  components  may  incorporate  materials  or 
be  produced  using  advanced  production  processes  that  cannot  be  easily  replicated  by  a  develop¬ 
ing  country’s  aviation  industry.  (This  was  initially  the  case  with  composite  materials  and  stealth 
aircraft  designed  using  advanced  computer  systems,  and  remains  the  case  for  some  materials 
used  in  high-performance  jet  engines.)  Fighter  aircraft  present  a  particular  reverse-engineering 
challenge  because  of  the  vast  number  of  complex  subsystems  (for  example,  radars,  avionics, 
and  engines)  that  must  be  integrated  into  a  functional  whole.  A  developing  country  may  obtain 
access  to  an  advanced  fighter,  but  lack  the  production  capacity  to  reproduce  it.  A  developing 
country  may  be  able  to  reverse  engineer  and  replicate  key  components,  but  lack  the  design  skills 
to  integrate  them  into  an  existing  aircraft. 

Coproduction  and  Codevelopment 

The  terms  coproduction  and  codevelopment  are  sometimes  used  interchangeably.  For  the 
purposes  of  this  paper,  coproduction  refers  to  a  contract  where  the  supplying  country  sells  the 
purchaser  the  right  to  produce  copies  of  a  complete  aircraft  or  key  components.  Coproduc¬ 
tion  deals  can  range  from  assembly  of  imported  complete  knock-down  (CKD)  kits  with  all 
necessary  components  to  transfer  of  blueprints,  machines,  technical  assistance,  and  relevant 
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production  technologies  that  give  the  purchaser  an  independent  capability  to  build  complete 
aircraft  from  scratch.  Codevelopment  refers  to  cooperation  in  the  design  stage  of  aircraft  de¬ 
velopment  where  two  or  more  countries  work  as  partners. 

Technology  transfer  and  how  expensive  research  and  development  costs  are  allocated  are 
the  principal  issues  in  coproduction  or  codevelopment  projects.  The  country  with  the  more 
advanced  industry  has  the  motivation  to  withhold  technical  details  from  partners  to  protect 
its  competitive  advantage;  the  country  with  the  less  developed  aviation  industry  typically  has 
to  agree  to  pay  a  premium  price  in  order  to  gain  access  to  relevant  production  (in  the  case  of 
coproduction)  or  design/systems  integration  expertise  (in  the  case  of  codevelopment). 

Developing  countries  often  seek  coproduction  arrangements  as  a  means  of  starting  an 
aviation  industry  or  improving  the  technological  capacity  of  their  existing  industry.  The  devel¬ 
oping  country  typically  seeks  the  maximum  possible  transfer  of  design  information  and  pro¬ 
duction  technology  to  allow  fully  independent  production.  Unless  suppliers  have  a  strategic 
reason  for  wanting  to  build  up  the  recipient  country’s  defense  industry,  they  typically  seek  to 
retain  control  over  key  design  information  and  production  technology  and  prefer  to  supply 
components  for  assembly  rather  than  give  the  purchasing  country  an  independent  production 
capability.  The  exact  nature  of  the  deal  is  often  a  function  of  the  relative  bargaining  power  of  the 
parties  involved.  Coproduction  usually  involves  a  licensing  agreement  stipulating  the  number 
of  systems  the  producer  country  can  build  at  an  agreed  upon  cost. 

As  a  technology  procurement  strategy,  coproduction  is  basically  a  combination  of  “buy” 
and  “build.”  The  developing  country  typically  assembles  aircraft  from  imported  parts  (often 
in  the  form  of  a  complete  knockdown  kit)  rather  than  producing  them  from  scratch,  at  least 
initially.  Contracts  sometimes  allow  replacing  imported  components  with  indigenously  pro¬ 
duced  components  as  the  purchasing  country’s  aviation  industry  gains  the  ability  to  success¬ 
fully  produce  them.  Developing  countries  sometimes  evade  contractual  restrictions  by  using 
knowledge  gained  in  the  production  process  to  design  compatible  subsystems  or  components 
that  can  either  be  integrated  into  an  existing  aircraft  or  that  can  be  part  of  an  improved  variant 
of  an  existing  aircraft.  Because  the  supplier  often  provides  knowledge  about  how  to  assemble 
the  aircraft  rather  than  complete  design  information,  the  buyer  country  still  has  a  fair  amount 
of  work  to  do  if  the  goal  is  to  reverse  engineer  an  exact  clone  or  to  develop  an  improved  variant 
incorporating  indigenous  subsystems. 

The  nature  of  defense  cooperation  between  countries  is  a  good  indicator  of  the  overall 
political  relationship.  Coproduction  agreements  imply  a  basic  level  of  political  trust  between 
partner  countries.  A  supplier  country  will  not  enter  into  an  agreement  to  sell  a  developing 
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country  the  rights  to  build  a  fighter  aircraft  if  there  is  a  fundamental  divergence  of  strategic 
interests  or  if  the  purchasing  country  poses  a  significant  security  threat.  Coproduction  is  less  of 
a  risk  than  codevelopment  to  the  supplier  country  from  a  technology  procurement  perspective 
because  it  does  not  usually  grant  the  purchaser  access  to  state-of-the-art  aircraft  or  subsystems. 
As  the  next  section  will  detail,  China  relied  on  coproduction  with  the  Soviet  Union  in  the  1950s 
to  launch  its  military  aviation  industry  and  on  coproduction  deals  with  Russia  in  the  1990s  to 
improve  its  capability  to  build  advanced  fighter  aircraft. 

Codevelopment  in  aircraft  design  implies  that  both  partners  possess  a  relatively  well- 
developed  aviation  industry.  The  partners  typically  share  the  costs  of  R&D  efforts;  partners 
with  less  advanced  aviation  industries  typically  pay  a  premium  price  or  commit  to  purchase 
significant  quantities  of  the  finished  aircraft  in  order  to  gain  access  to  advanced  technologies, 
design  processes,  and  systems  integration  expertise.  In  some  cases,  codevelopment  will  pro¬ 
duce  new  technologies  and  intellectual  property  that  will  be  shared  by  the  partners. 

A  good  recent  example  of  codevelopment  involves  the  joint  venture  between  Russia’s  United 
Aircraft  Corporation  (UAC)  and  India’s  Hindustan  Aeronautics  Limited  (HAL)  to  develop  a  fifth- 
generation  fighter.13  The  work  is  split  on  a  75-25  percent  basis,  with  Russia  contributing  the  larger 
share.14  “Codevelopment”  is  also  sometimes  used  to  describe  projects  where  parties  contribute 
to  development  costs  without  participating  in  the  actual  work.  From  a  technology  procurement 
standpoint,  this  is  much  closer  to  the  “buy”  avenue  than  to  coproduction  or  codevelopment. 

The  F-35  Joint  Strike  Fighter  program  is  an  example  of  an  unequal  codevelopment  part¬ 
nership  where  a  number  of  countries  contributed  financial  support  and  committed  to  purchas¬ 
ing  the  aircraft  without  any  involvement  in  development  work.15  The  United  States  and  Britain 
have  carried  out  the  vast  majority  of  technical  development  work,  with  Italy  making  minor 
contributions.16  The  other  six  partners  (Netherlands,  Turkey,  Australia,  Canada,  Denmark,  and 
Norway)  have  bought  into  the  project  by  contributing  development  funds  and  agreeing  to  pur¬ 
chase  a  specific  number  of  F-35s.  True  codevelopment  implies  not  just  cost  sharing,  but  shared 
ownership  of  the  intellectual  property  generated  by  the  project. 

The  decision  to  codevelop  a  fighter  aircraft  can  be  motivated  by  different  circumstances 
but  the  logic  in  forming  joint  partnerships  is  the  same:  both  countries  benefit  more  through 
codevelopment  than  they  would  by  working  alone.  Defense  industries  can  share  the  substantial 
burden  of  R&D  costs  while  bringing  their  technological  comparative  advantages  to  the  fore. 
Perceived  economic,  political,  and  strategic  benefits  drive  the  decisionmaking  process,  with 
the  relative  importance  of  each  depending  on  the  relationship,  political  situation,  and  threat 
perceptions  of  the  partner  countries. 
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The  UAC/HAL  joint  venture  between  Russia  and  India  illustrates  the  complex  economic 
and  geopolitical  pressures  that  drive  defense  technology  decisionmaking.  India  was  an  end 
user  and  coproducer  of  Soviet  military  aircraft  since  a  cooperative  defense  relationship  was 
established  in  the  early  1960s.17  The  relationship  persisted  throughout  the  Cold  War,  and  after 
the  Soviet  Union  dissolved,  India  helped  Russia’s  defense  industry  stay  afloat  in  the  1990s.18 
The  plan  to  codevelop  a  fifth-generation  fighter  was  hatched  at  a  time  (2000)  when  the  dire 
Russian  economic  situation  gave  India  a  significant  degree  of  bargaining  power.19  If  not  for 
economic  necessity,  Russia  might  never  have  proposed  a  codevelopment  deal  given  the  ma¬ 
jor  step  forward  it  provides  the  Indian  aerospace  industry.20  Some  Russian  defense  industry 
experts  have  been  skeptical  about  the  value  India  will  bring  to  the  project,  citing  Russia’s 
half  century  of  experience  designing  award-winning  fighter  aircraft.21  Indian  media  reports 
have  highlighted  HAL’s  potential  contributions  in  aircraft  body  design  through  its  work  on 
composites  gained  during  the  design  of  its  indigenous  Tejas  Light  Combat  Aircraft  (LCA).22 
Russia  has  designed  mostly  metal  aircraft  and  thus  lacks  experience  with  composites.  HAL 
will  also  design  the  mission  computer,  navigation,  and  countermeasure  dispensing  systems, 
and  critical  software. 

PLAAF  Technology  Procurement  Strategies:  Past,  Present,  and  Future 

How  have  the  pros  and  cons  of  the  potential  methods  of  building  or  acquiring  military 
aircraft  and  aviation  technology  described  above  affected  Chinese  decisions  about  whether  to 
“Buy,  Build,  or  Steal”?  This  section  briefly  develops  a  concise  model  of  a  developing  country’s 
decision  calculus,  and  then  applies  that  model  to  explain  Chinese  choices  over  the  period  from 
1949  to  the  present.  We  organize  the  analysis  into  five  distinct  periods  defined  by  Chinese  eco¬ 
nomic  and  technological  capacity  and  the  sources  of  foreign  aircraft  and  aviation  technology 
available  to  China  at  a  given  time. 

The  model  we  develop  involves  four  factors.  The  first  is  the  level  of  development  of  the 
overall  Chinese  economy,  which  defines  China’s  general  technological  capability.  The  level  of 
overall  development  constrains  the  indigenous  technological  capacity  of  China’s  aviation  indus¬ 
try  and  defines  the  potential  for  China  to  “spin  on”  technologies  from  the  civilian  sector  to  the 
military  sector.  The  second  factor  is  the  technological  capacity  of  the  aviation  sector.  The  level 
of  development  of  the  overall  economy  constrains  the  indigenous  capacity  of  the  aviation  sector, 
but  it  is  possible  to  use  foreign  assistance  and  imported  technology  to  build  advanced  capabili¬ 
ties  in  the  aviation  sector  that  surpass  those  in  the  broader  civilian  economy.  To  the  extent  that 
advanced  fighter  aircraft  require  technologies  that  do  not  have  civilian  applications  (“single-use 
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Four  Factors  in  Chinese  Military  Aviation  Technology  Procurement  Calculus 
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foreign  suppliers 

technologies”),  the  military  aviation  sector  must  be  ahead  of  the  overall  economy  in  some  spe¬ 
cific  areas  if  indigenous  production  is  to  be  an  option. 

The  third  factor  is  the  willingness  of  foreign  countries  to  sell  advanced  military  aircraft,  key 
components  and  armaments,  and  related  production  technology.  Who  is  willing  to  sell  to  China  and 
what  aircraft  and  aviation  technologies  they  are  willing  to  sell  define  the  available  options  in  terms 
of  purchasing  (“buy”),  coproduction,  and  codevelopment.  The  fourth  and  final  factor  is  Chinas  bar¬ 
gaining  power  vis-a-vis  potential  sellers  of  aircraft  and  aviation  technology.  This  can  be  influenced 
by  ideological  and  security  factors  (including  the  sellers  calculus  about  whether  China  represents  a 
potential  ally  or  a  potential  threat),  the  health  of  the  potential  sellers  overall  economy  and  defense 
sector,  and  supply  and  demand  within  the  broader  military  aviation  market  (for  example,  whether 
it  is  a  “buyers  market”  or  a  “sellers  market”).  Bargaining  power  influences  whether  potential  sellers 
are  willing  to  sell  their  most  sophisticated  fighters  and  whether  they  are  willing  to  transfer  produc¬ 
tion  technology  or  consider  coproduction  or  codevelopment  deals.  Sellers  generally  prefer  to  sell 
complete  aircraft  and  spare  parts  (to  maximize  profits,  maintain  control  of  the  supply  chain,  and 
limit  potential  competition)  while  buyers  often  want  technology  transfer  and  coproduction  arrange¬ 
ments  which  provide  employment  opportunities  and  reduce  their  dependence  on  the  seller. 

We  divide  the  time  under  examination  into  five  periods.  The  first,  from  1950  to  1960,  is 
the  period  of  Sino-Soviet  defense  cooperation.  The  Soviet  Unions  willingness  to  sell  aircraft,  de¬ 
signs,  and  production  technology  provided  the  foundation  for  Chinas  modern  defense  aviation 
industry.  At  the  same  time,  the  United  States  and  Western  countries  used  a  trade  embargo  and 
export  controls  to  ban  the  sale  of  military  aircraft  and  military  technology.  The  second  period 
is  marked  by  the  Sino-Soviet  split  and  the  withdrawal  of  Soviet  advisors  and  technicians  from 
China.  With  the  Western  embargo  continuing,  China  was  essentially  cut  off  from  legitimate 
access  to  military  aircraft  and  related  technology  from  1960  to  1977.  The  third  period,  from 
1977  to  1989,  was  marked  by  increasing  Chinese  access  to  Western  commercial  technology, 
including  selected  military  systems,  components,  and  technologies.  Access  to  Eastern  bloc  tech¬ 
nologies,  which  lagged  behind  Western  systems  but  were  more  compatible  with  Chinas  existing 
industrial  base,  remained  very  limited.  Chinas  cooperation  with  Israel  on  fighter  aircraft  began 
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Five  Periods  of  Chinese  Technological  Development 
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during  this  time.23  The  fourth  period,  from  1989  to  2004,  is  characterized  by  the  U.S.  and  Eu¬ 
ropean  ban  on  military  sales  to  China  following  the  Tiananmen  incident  in  June  1989  and  the 
gradual  opening  of  the  window  for  arms  sales  and  technology  transfers  from  the  Soviet  Union 
and  its  successor  states.  Western  countries  sought  to  limit  the  transfer  of  military  and  dual- 
use  technologies  to  the  Chinese  defense  industry,  but  the  Chinese  commercial  sector  gradually 
gained  access  to  increasingly  sophisticated  civilian  and  dual-use  technologies  for  commercial 
applications.  Despite  efforts  to  use  end-use  certificates  and  inspections  to  monitor  where  dual- 
use  technologies  were  employed,  many  of  these  technologies  could  eventually  be  “spun  on”  to 
defense  production. 

The  fifth  period,  from  roughly  2004  to  the  present,  is  marked  by  Russia’s  growing  reluc¬ 
tance  to  provide  China  access  to  its  most  advanced  military  fighters  and  production  technol¬ 
ogy  as  Russian  economic  recovery  increased  Moscow’s  bargaining  power  and  control  over 
the  Russian  defense  industry.  Despite  China’s  efforts  to  persuade  the  European  Union  to  lift 
its  arms  embargo,  access  to  Western  military  aircraft  remained  denied.  However,  some  Eu¬ 
ropean  countries  did  sell  China  components  and  technologies  that  could  be  employed  in 
military  aircraft.24  At  this  time,  Israel,  under  heavy  U.S.  pressure,  cancelled  a  deal  to  upgrade 
unmanned  aerial  vehicles  (UAVs)  it  had  previously  sold  to  China  (having  cancelled  an  ear¬ 
lier  project  to  upgrade  Chinese  airborne  early  warning  aircraft  in  2000).25  Although  Chinese 
access  to  state-of-  the-art  military  technology  remains  limited,  the  Chinese  aviation  indus¬ 
try  made  significant  strides  in  absorbing  foreign  technology  and  demonstrated  the  ability 
to  reverse  engineer  the  Su-27  Flanker  (as  the  J—  1  IB)  and  to  serially  produce  its  own  fourth- 
generation  fighter  (the  J— 10).  It  was  also  recently  discovered  that  China  is  farther  ahead  in 
the  development  of  its  fifth -generation  stealth  fighter  (the  J— 20)  than  many  foreign  sources 
anticipated.26  Overall,  China’s  level  of  economic  development  has  advanced  significantly,  and 
its  civilian  industry  has  enjoyed  significant  access  to  state-of-the-art  commercial  (and  some¬ 
times  dual-use)  technology. 


16 


China's  Quest  for  Advanced  Military  Aviation  Technologies 


The  Era  of  Sino-Soviet  Defense  Cooperation  (1950-1960) 
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In  the  aftermath  of  the  Communist  takeover  and  the  establishment  of  the  Peoples  Republic  of 
China  (PRC)  in  1949,  the  Chinese  economy’s  level  of  development  was  relatively  backward.  Some 
pockets  of  industry  employed  modern  technologies,  but  China  was  still  predominantly  a  rural 
economy  with  limited  industrial  capacity  Given  its  limited  technological  base,  China  essentially 
had  no  ability  to  indigenously  produce  military  aircraft.  The  first  armed  air  contingent  (and  precur¬ 
sor  to  the  PLAAF),  the  Nanyuan  Flying  Group,  operated  an  assorted  collection  of  around  forty  air¬ 
craft  captured  from  the  Nationalist  air  force.27  There  is  no  sourced  record  of  the  fighters  operated  by 
the  short-lived  Nanyuan  Group,  but  they  likely  included  U.S.-built  Curtiss-Wright  aircraft  like  the 
Hawk  75M,  75A-5,  and  CW-21,  as  well  as  the  Soviet  Polikarpov  I-15bis  and  1-16,  all  operated  by 
the  Nationalist  air  force  in  the  war  against  Japan.  It  is  estimated  that  at  the  time  the  PLAAF  was  of¬ 
ficially  founded  in  late  1949,  it  had  approximately  115  ex-Nationalist  aircraft,  though  some  sources 
place  its  strength  approximately  40  percent  higher.28  Several  dozen  of  these  were  not  obtained  until 
near  the  end  of  the  Chinese  civil  war,  when  the  Nationalist  air  force  began  to  experience  frequent 
uprisings  and  pilots  defected  to  the  Communist  side  along  with  their  aircraft.29  The  Soviet  Union 
soon  augmented  Chinas  air  force  with  an  additional  434  aircraft  and  sent  878  experts  to  seven 
flight  schools  that  had  recently  been  approved  by  the  Central  Military  Commission  (CMC)  of  the 
People’s  Liberation  Army.30  Chinese  involvement  in  the  Korean  War  led  to  the  rapid  expansion  of 
the  PLAAF  in  terms  of  both  equipment  and  capable  personnel.  By  1953,  the  last  year  of  the  war, 
there  were  13  air  force  schools  which  had  trained  nearly  6,000  flight  crew  members  and  24,000 
maintenance  personnel  to  service  28  PLAAF  air  divisions  (around  3,000  aircraft).31 
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From  the  outset  of  Sino-Soviet  defense  cooperation,  Moscow  had  considerable  bargaining 
power  vis-a-vis  China,  which  had  no  alternative  source  for  advanced  military  technology.  Trade 
agreements  that  allowed  for  the  transfer  of  technology  boiled  down  to  what  Chinese  Premier 
Zhou  Enlai  described  as  “selling  agricultural  products  to  buy  machines.”32  In  a  conversation  with 
Indonesian  President  Sukarno,  Mao  Zedong  gave  a  candid  assessment  of  the  Chinese  economy 
circa  1953  saying,  “Frankly  speaking,  we  haven’t  got  a  lot  of  things  to  export  apart  from  some 
apples,  peanuts,  pig  bristles,  soy  beans.”33  Despite  this  imbalance,  the  Soviet  perception  of  China 
as  a  fellow  Communist  state  and  natural  ally  led  Moscow  to  view  a  Chinese  capacity  to  produce 
military  aircraft  as  an  asset  in  the  Cold  War  against  the  West.  As  a  result,  the  Soviet  Union  did 
not  fully  employ  its  potential  leverage  and  provided  the  PLA  Air  Force  with  its  first  jet  fighters 
and  the  Chinese  aviation  industry  with  its  first  capacity  to  produce  modern  jet  fighters.  So  keen, 
in  fact,  were  the  Soviets  to  bring  China  online  that  some  Chinese  armament  producing  plants 
were  turning  out  sophisticated  weaponry  before  the  Soviet  defense  industry  itself  could.34  The 
decision  to  allow  China  to  coproduce  sophisticated  fighter  aircraft  was  part  of  the  larger  effort 
to  transform  it  quickly  into  a  capable,  self-sufficient  defense  partner. 

Archives  maintained  by  the  Communist  Party  of  the  Soviet  Union  Central  Committee 
(CPSU  CC)  assert  that  ten  thousand  “specialists”  were  sent  to  China  in  the  1950s,  but  there 
is  no  corresponding  record  of  who  these  specialists  were,  where  they  went,  or  how  long  they 
stayed.35  It  is  clear  that  from  the  early  1950s  the  Soviet  Union  committed  a  massive  amount  of 
resources  to  build  up  Chinese  industrial  enterprises,  with  special  attention  given  to  the  defense 
industry  The  initial  agreement  pertaining  to  military  aviation,  signed  by  Stalin  and  Chinese 
Premier  Zhou  Enlai  in  October  1951,  laid  out  the  terms  under  which  the  Union  of  Soviet  So¬ 
cialist  Republics  (USSR)  would  render  technical  and  repair  assistance  as  well  as  construct  new 
factories  for  the  manufacture  of  aircraft.36  This  agreement  was  reached  against  the  backdrop 
of  the  Korean  War.  In  1954,  Moscow  issued  another  memorandum  to  the  People’s  Republic  of 
China  outlining  cooperation  on  15  new  defense  enterprises.37  The  Soviets  agreed  to  perform 
design  work,  deliver  equipment,  and  provide  technical  support  for  the  fledgling  enterprises.  It 
is  no  exaggeration  to  say  the  Soviets  helped  China  build  a  military  aviation  industry  essentially 
from  the  ground  up. 

After  a  protracted  civil  war,  which  resumed  after  7  years  of  Japanese  occupation,  China 
was  left  with  almost  no  means  to  produce  military  aircraft  indigenously  Several  years  after  the 
founding  of  the  PRC,  China’s  nascent  defense  industry  lacked  the  capability  to  produce  ad¬ 
vanced  Western  designs,  or  even  to  absorb  Western  technology  into  its  Soviet-designed  fighters, 
making  the  steal  option  impractical  even  if  China  could  gain  access  to  controlled  Western  de- 
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signs  and  technologies.  Initial  purchases  of  Soviet  fighters  and  aggressive  pursuit  of  coproduc¬ 
tion  arrangements  were  logical  responses  to  this  set  of  constraints  and  opportunities,  despite 
the  implicit  dependence  on  continuing  access  to  Soviet  designs,  spare  parts,  and  technical  as¬ 
sistance.  The  massive  infusion  of  Soviet  personnel  and  equipment  enabled  China  to  design  and 
produce  several  prototypes  of  its  own  fighter  trainer  (based  largely  on  Soviet  designs)  by  1960, 
and  to  coproduce  Soviet  fighters,  bombers,  and  transport  aircraft  throughout  the  1950s. 

Chinas  leadership  assessed  the  technical  challenges  implicit  in  licensed  coproduction  of 
Soviet  aircraft  and  incorporated  conclusions  in  the  first  five-year  plan  for  the  development  of 
the  aviation  industry.  The  plan  anticipated  Chinas  heavy  reliance  on  the  USSR  to  get  the  core 
enterprises  that  would  form  the  backbone  of  military  aviation  up  and  running,  but  the  end 
goal  was  for  China  to  independently  manufacture  advanced  Soviet  aircraft  within  3  to  5  years 
of  facilities  coming  online.  Four  main  production  plants  were  established  in  the  early  to  mid 
1950s:  the  Nanchang  Aircraft  Factory,  Shenyang  Aircraft  Factory,  Zhuzhou  Aero  Engine  Fac¬ 
tory,  and  the  Shenyang  Aero  Engine  Factory.38  Once  these  core  enterprises  were  established, 
the  emphasis  shifted  to  manufacturing  components.  Construction  of  the  Xian  Aircraft  Acces¬ 
sory  Factory,  Xinping  Aviation  Electronic  and  Wheel  Brake  Factory,  and  the  Baoji  Aviation 
Instrument  Factory  began  in  1956.  During  the  era  of  Sino-Soviet  cooperation,  these  seven 
enterprises  formed  the  core  of  Chinas  military  aviation  industry.  Though  the  degree  of  direct 
Soviet  assistance  varied  by  factory,  the  USSR  was  instrumental  in  the  development  of  each. 

Metallurgy  in  China  prior  to  the  1950s  was  not  suitably  advanced  for  the  production  of 
advanced  aero  engine  materials,  which  rely  on  the  mastery  of  high  temperature  alloys  including 
steel-titanium  and  aluminum-magnesium  alloys.  The  PRC  government  made  the  development 
of  high  temperature  alloys  a  priority  for  the  Ministry  of  Metallurgical  Industry.39  Joint  efforts  of 
the  aviation  and  metallurgical  industries  led  to  development  of  Chinas  first  high  temperature 
alloy  in  1956.  A  great  deal  of  labor  resources  were  devoted  to  this  task,  enabling  the  PRC  to  pro¬ 
duce  its  first  turbojet  engine,  the  WP5.40  Conversion  from  the  WP5  to  the  next  generation  WP6 
turbojet  proved  difficult,  first  due  to  technical  differences — the  WP6  had  2,521  parts,  46  percent 
more  than  its  predecessor41 — making  it  impossible  to  use  the  same  production  lines,  and  sec¬ 
ond,  due  to  the  chaotic  work  conditions  resulting  from  the  Great  Leap  Forward.  Performance 
standards  were  not  met  when  the  WP6  underwent  initial  testing  in  1958.  It  was  not  until  1963 
that  the  engine  was  finally  approved  and  paired  with  the  J6. 

Chinas  first  indigenously  produced  military  aircraft,  the  CJ-5  trainer  manufactured  at 
the  Nanchang  Aircraft  Factory,  made  its  first  successful  test  flight  on  July  11,  1954.  The  CJ-5, 
which  was  built  around  the  M-ll  powerplant  produced  by  the  Zhuzhou  Aero  Engine  Fac- 
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tory,  was  a  nearly  exact  copy  of  the  Soviet  Yakovlev  Yak-18  fighter  trainer.  Based  on  ambitions 
laid  out  by  Chinas  military  leadership  to  transition  from  repairing  aircraft  to  manufacturing 
complete  designs  in  3  to  5  years,  domestic  production  of  the  CJ-5  was  ahead  of  schedule.  The 
Shenyang  Aircraft  Factory  was  also  able  to  produce  its  copy  of  the  MiG- 17  ahead  of  schedule. 
Originally  slated  for  completion  at  the  end  of  1957,  the  J-5  fighter,  powered  by  the  domestically 
produced  WP5  engine,  made  a  successful  test  flight  on  July  19,  1956.42  Coproduction  of  the  J-5 
went  relatively  smoothly,  with  the  Soviet  Union  providing  two  MiG- 17  pattern  aircraft,  manu¬ 
facturing  documentation,  and  15  complete  knock-down  kits  to  the  Shenyang  Aircraft  Factory 
Over  its  14-year  production  run  from  1955  to  1969,  the  Chinese  military  aviation  industry  pro¬ 
duced  767  J-5/J-5A  fighters,  first  at  the  Shenyang  Aircraft  Factory  (SAF)  and  later  at  Chengdu 
State  Aircraft  Factory  No.132  (later  Chengdu  Aircraft  Industry  Group),  which  was  established 
with  the  help  of  Soviet  technicians  in  1958.  Around  the  time  China  successfully  tested  the  J-5, 
preparations  were  underway  for  the  first  Chinese-designed  and  -produced  fighter  aircraft.  This 
project  culminated  in  the  JJ-1  jet  fighter  trainer,  which  was  test-flown  in  the  summer  of  1958. 
Although  the  JJ-1  met  PLAAF  inspection  standards,  it  was  not  serially  produced.  Military  plan¬ 
ners  opted  for  an  alternate  Chinese-designed  fighter  trainer,  the  CJ-6,  which  was  tested  success¬ 
fully  in  1960  and  serially  produced  up  until  the  mid  1980s.43  Indigenous  modifications  made 
to  the  CJ-6  were  meant  to  improve  upon  its  predecessor,  the  CJ-5;  itself  a  copy  of  the  Yakovlev 
Yak- 18  fighter  trainer. 

The  J— 6,  based  on  the  more  sophisticated  MiG-19P,44  was  the  first  Chinese-produced  su¬ 
personic  fighter.45  Manufacturing  rights  for  the  MiG-19P  were  transferred  in  1957,  and  in  1959 
Moscow  agreed  to  license  coproduction  of  the  MiG-19PM  and  S.  As  the  Great  Leap  Forward 
began  to  affect  Chinas  industrial  enterprises,  the  production  quality  of  the  J-6  rapidly  declined. 
Rules  and  regulations  adapted  from  the  Soviet  model  were  cast  aside  and  “an  unhealthy  tenden¬ 
cy  of  neglecting  quality  while  pursuing  quantity”  appeared.46  Soviet  assistance  was  still  available 
during  initial  production  of  the  J-6  but  China  chose  to  manufacture  the  necessary  tooling  and 
assemble  the  aircraft  without  outside  help.  The  end  result  was  a  large  number  of  J-6  fighters 
produced  in  the  period  1958-61  that  were  of  such  poor  quality  that  they  were  not  delivered  to 
the  PLAAF  and  PLA  Navy  Air  Force.  Performance  appraisals  of  the  J-6  that  appear  in  the  Chi¬ 
nese  literature  for  this  time  period  are  unduly  optimistic  given  SAF’s  inconsistent  production 
record.47  Although  it  had  yet  to  master  independent  MiG- 19  (J-6)  production,  China  neverthe¬ 
less  sought  access  to  more  advanced  Soviet  fighters.  In  the  last  deal  before  the  Sino-Soviet  split 
ended  all  defense  cooperation,  Moscow  licensed  production  of  the  MiG-21F-13  to  China  in 
1961.48  China  received  three  pattern  aircraft,  as  well  as  20  kits,  but  did  not  take  possession  of  all 
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relevant  technical  information  before  defense  cooperation  ended  in  1962.  The  MiG-21  served 
as  the  template  for  Chinas  long  running  J-7  fighter  program  which  began  in  the  early  1960s. 

Moscow  also  provided  the  PLAAF  with  a  fleet  of  modern  bomber  aircraft.  China  took 
delivery  of  the  Ilyushin  11-28  tactical  bomber  beginning  in  the  early  1950s.  A  repair  shop  to  ser¬ 
vice  the  11-28  was  set  up  in  Harbin,  but  China  did  not  receive  licensing  rights  to  coproduce  the 
bomber  before  Soviet  advisors  were  withdrawn  in  July  1960.  China  later  reverse  engineed  the 
11-28  and  produced  it  as  the  It-5.49  The  Soviet  Union  licensed  production  of  its  state-of-the-art 
Tupolev  Tu-16  Badger  bomber  in  1957,  supplying  China  with  two  production  aircraft,  a  semi 
knock-down  kit,  and  a  complete  knock-down  kit.50  Soviet  technicians  and  engineers  were  on 
hand  to  set  up  serial  production  of  the  aircraft  the  Chinese  designated  H-6  (or  B-6)  at  factories 
in  Harbin  and  Xian.  The  Xian  factory  was  built  specifically  for  production  of  the  H-6  and  was 
facilitated  with  help  from  over  1,500  skilled  industry  workers  transferred  from  the  Shenyang 
Aircraft  Factory.  H-5  repairs  were  already  being  made  at  the  Harbin  location,  but  serial  pro¬ 
duction  of  the  H-6  required  a  doubling  of  floor  space  and  an  expansion  of  the  work  force  with 
experienced  Shenyang  workers.51  Although  Moscow  granted  China  access  to  the  latest  fighter 
and  bomber  technologies — even  allowing  Beijing  to  produce  copies  of  the  MiG- 17’s  Klimov 
VK-1F  and  Tumansky  R-9BF-811  turbojet  engines — the  Soviets  withheld  the  transfer  of  key 
technologies  that  would  have  allowed  China  to  build  a  long-  range  strategic  missile  force. 

While  it  had  access  to  Soviet  assistance  Chinas  military  aviation  industry  made  steady, 
quantifiable  progress  on  almost  every  front.  In  addition  to  mastering  production  of  several 
fighters  and  bombers,  the  PRC  also  began  to  form  a  research  and  development  infrastructure 
meant  to  advance  the  end  goal  of  self-reliance.  In  1956,  Mao  Zedong  called  for  a  “march  to¬ 
wards  modern  science,”  which  was  embodied  in  a  12-year  development  plan  directed  by  Zhou 
Enlai,  Chen  Yi,  Li  Fuchun,  and  Nie  Rongzhen.52  Advancing  military  aviation  technology,  partic¬ 
ularly  fighter  technology,  was  one  of  five  objectives  in  the  plan.  To  this  end,  Chinese  technicians 
constructed  a  transonic  wind  tunnel  for  testing  jet  body  designs  based  on  the  Soviet  AT-1.  The 
Shenyang  Aircraft  Factory  began  construction  in  September  of  1958  and  completed  the  tunnel 
in  March  I960.53  Design  and  research  institutes  were  established  to  build  Chinas  knowledge 
base  in  aerodynamics,  thermodynamics,  and  avionics  development,  with  a  total  of  19  research 
and  design  departments  employing  approximately  ten  thousand  employees  operating  at  the 
end  of  I960.54  Overall,  military  aviation  in  the  1950s  was  technologically  advanced  compared  to 
most  of  the  Chinese  economy.  Of  the  handful  of  countries  able  to  produce  modern  fighters  and 
bombers,  China  was  the  poorest  and  most  backward  in  terms  of  other  scientific  development. 
This  situation  was  indicative  of  the  importance  Mao  placed  on  strengthening  Chinas  defensive 
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capabilities  (at  great  cost  to  other  areas  of  development)  as  well  as  Soviet  willingness  to  transfer 
the  necessary  set  of  technologies  and  know-how. 

Sino-Soviet  Split  to  the  Reform  Era  (1960-1977) 


Buy 

50  Spey  fan-jet  engines 
from  Britain  (1975) 

SA-321  Super  Frelon 
helicopter  from  France 
(1977) 

Coproduce 

Chengdu  J-5A:  Chinese 
MiG-17PF  (1964) 

Spey  fan -jet  engine 
coproduction  (1975) 

Harbin  H-6:  Chinese 
Tu-16  bomber  (1968) 

Reverse 

Engineer 

Harbin  H-5:  Chinese 
11-28  bomber  (1966) 

Shenyang  J— 7:  from 
incomplete  MiG-21 
production  documents 
(1966) 

Shenyang  J-8  :  based 
on  MiG-21  airframe 
(1969) 

Build 

Shenyang/Tianjin  JJ-6 
(1970) 

At  the  time  of  the  Sino-Soviet  split,  China  possessed  a  military  aviation  industry  with  fully 
operational  production  facilities,  almost  a  decade  of  experience  manufacturing  advanced  fight¬ 
er  and  bomber  systems,  and  a  reasonably  well-equipped  air  force  modeled  along  Soviet  lines. 
However  the  withdrawal  of  Soviet  advisors  and  technical  assistance  in  July  1960  and  the  inten¬ 
sification  of  the  Sino-Soviet  split  in  the  early  1960s  had  major  consequences  for  the  PLAAF  and 
the  Chinese  aviation  industry.55  As  relations  between  China  and  the  Soviet  Union  deteriorated, 
the  PLAAF  lost  the  option  of  buying  new  and  updated  Soviet  fighters  and  the  Chinese  aviation 
industry  lost  access  to  technical  support  from  Soviet  advisors  to  help  improve  aircraft  produc¬ 
tion  and  master  key  technologies.  The  Chinese  defense  industry  would  spend  much  of  this 
period  struggling  to  absorb  and  extend  the  technology  it  had  acquired  from  its  coproduction 
deals  with  the  Soviet  Union  or  reverse  engineered  from  its  Soviet  aircraft. 

In  the  wake  of  the  Sino-Soviet  split,  China  lacked  a  relationship  with  another  advanced 
country  to  acquire  cutting-edge  military  hardware.  Western  export  controls  focused  on  prevent¬ 
ing  exports  of  militarily  relevant  technologies  to  the  Eastern  bloc  foreclosed  the  “buy”  option. 
Even  after  Chinas  rapprochement  with  the  United  States  in  1971,  it  took  a  number  of  years  be¬ 
fore  the  United  States  and  European  countries  were  prepared  to  ease  export  controls  on  military 
technology,  pursue  arms  sales,  or  engage  in  defense  industrial  cooperation.  The  one  noteworthy 
exception  was  a  1975  agreement  (negotiations  began  in  1972)  whereby  Britain  supplied  China 
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with  50  Spey  fan-jet  engines;  the  powerplant  used  in  British  versions  of  the  multirole  F-4  Phan¬ 
tom  (the  RN  F-4K  and  RAF  F-4M),  as  well  as  the  Vought  A-7  Corsair  light  attack  aircraft.56 
China  was  given  full  production  rights  and  began  trial  manufacturing  the  Spey  RB-168-25R 
as  the  WS9  at  its  plant  in  Xi’an.  Under  the  terms  of  the  agreement,  Rolls  Royce  provided  both 
manufacturing  facilities  and  technical  expertise  involved  with  testing  the  Chinese-produced 
Speys.  To  date,  the  Xian  JH-7  fighter  bomber  is  the  only  PLAAF  aircraft  powered  by  a  variant  of 
the  original  Rolls  Royce  Spey  or  the  Chinese-manufactured  WS9.57  While  the  Spey  arrangement 
was  not  a  direct  transfer  of  weaponry  per  se,  it  involves  a  single-use  technology  applicable  only 
to  combat  aircraft  and  should  thus  be  considered  a  transfer  of  military  equipment. 

Political  restrictions  on  importing  military  hardware  from  the  West  were  further  aggra¬ 
vated  by  the  fact  that  very  few  Chinese  citizens  were  permitted  to  go  abroad  (even  Chinese 
diplomatic  missions  were  withdrawn  from  most  countries  during  the  Cultural  Revolution), 
making  it  difficult  to  access  the  sorts  of  restricted  technologies  worth  stealing.  Obtaining  ac¬ 
cess  to  information  about  improvements  in  Soviet  weapons  systems  from  other  members  of  the 
Eastern  bloc  and  developing  country  customers  would  have  been  a  logical  approach,  but  little 
information  is  available  about  the  extent  to  which  China  pursued  this  direction  and  what  suc¬ 
cess  it  might  have  had. 

These  challenges  were  compounded  by  the  massive  social  upheavals  and  the  cumulative 
impact  of  the  Great  Leap  Forward  and  the  Cultural  Revolution,  which  stymied  development  of 
the  Chinese  economy  for  a  decade,  limiting  the  ability  of  the  Chinese  civilian  economy  to  pro¬ 
duce  technologies  that  the  military  could  incorporate  into  weapons  systems.  Industrial  output 
not  related  to  the  defense  sector  was  severely  affected  by  the  Cultural  Revolution  as  capable 
individuals  with  managerial  and  planning  roles  in  key  enterprises  were  branded  bourgeoisie 
reactionaries  and  removed  from  their  positions.  The  damage  done  in  this  respect  had  long-term 
consequences  for  many  sectors  of  the  Chinese  economy.  Despite  efforts  to  protect  scientists  and 
engineers  working  on  high-priority  defense  projects,  chaos  in  the  wider  economy  inevitably 
had  a  negative  impact  on  Chinas  aviation  industry.58 

Although  the  Central  Military  Commission  ordered  the  aviation  ministry  to  commence 
R&D  programs  on  some  27  new  types  of  aircraft  in  1971, 59  in  reality  Chinas  aviation  industry 
had  its  hands  full  mastering  production  and  extending  the  designs  of  Soviet  fighters  and  bomb¬ 
ers  designed  in  the  late  1950s.  For  example,  the  design  of  the  J— 7,  (Chinas  MiG-21  variant)  was 
not  finalized  until  more  than  a  decade  after  its  initial  flight  test  in  1966  and  it  was  not  approved 
for  serial  production  until  1979.60  Chinas  aviation  industry  eventually  proved  capable  of  absorb¬ 
ing  1950s  Soviet  aviation  technology  and  by  the  end  of  this  period  had  developed  some  limited 
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design  innovations  (for  example  on  the  J-7/F-7)  via  reverse  engineering  efforts  that  went  a  step 
beyond  copying.  However,  by  the  time  the  Chinese  industry  reached  this  point,  both  Western 
and  Soviet  air  forces  had  moved  on  to  more  advanced  fourth-generation  aircraft  that  made  Chi¬ 
na’s  most  advanced  aircraft  effectively  obsolete  as  soon  as  they  rolled  off  the  production  line. 

Coproduction 

As  previously  mentioned,  the  Shenyang  Aircraft  Factory  refused  Soviet  assistance  on 
the  J-6A  and  set  out  to  manufacture  the  required  tooling  domestically.61  These  efforts  were 
not  particularly  successful;  production  was  halted  at  various  times  as  the  result  of  poor 
quality  manufacturing  and  the  PLAAF  refused  to  fly  the  J-6A  until  improvements  were 
made.62  Under  the  guidance  of  SAF  vice  general  secretary  Wang  Qigong  and  vice  chief  tech¬ 
nician  Luo  Shida,  a  document  was  drafted  outlining  10  standards  to  follow  in  the  second 
series  of  J-6  prototype  production.63  With  better  quality  control  procedures  in  place,  SAF 
was  able  to  finally  produce  a  J-6  prototype  which  met  state  standards  for  mass  production 
in  1963.  Once  mass  production  was  approved,  the  Nanchang  Aircraft  Factory  (NAF)  began 
manufacturing  the  J-6.  This  required  NAF  to  convert  from  a  propeller  aircraft  factory  to 
one  that  produced  jet  fighters.64 

Improvements  to  J-6  production  quickly  eroded  with  the  onset  of  the  Cultural  Revolution. 
Aircraft  designers  and  engineers  were  among  the  group  of  “intellectuals”  targeted  in  the  mass 
movement,  and  their  marginalization  along  with  a  number  of  other  technical  issues  plagued 
Chinas  defense  industries.65  By  the  early  1970s,  hundreds  of  substandard  J— 6s  had  to  be  dis¬ 
mantled  and  rebuilt  (to  the  tune  of  millions  of  yuan).66  Though  the  J-6  and  J-7  represent  the 
height  of  Chinese  advancement  in  terms  of  the  serial  production  of  military  aircraft  during  this 
time  period,  efforts  continued  to  improve  upon  previous  J— 5,  J-5A,  and  JJ-5  designs.  These 
improvements  were  for  the  most  part  cosmetic  (the  lengthening  of  a  fuselage,  relocation  of 
components,  etc.)  and  though  Chinese  writings  are  sanguine  about  the  progress  made,  there 
was  very  little  in  the  way  of  actual  innovation. 

Bomber  production  made  some  modest  advances  during  this  period,  with  a  domestically 
manufactured  Xian  H-6  medium  bomber  taking  to  the  air  on  December  24,  1968,  and  serial 
production  beginning  shortly  thereafter.67  Efforts  to  produce  the  H-6  were  delayed  significantly 
by  the  withdrawal  of  Soviet  advisors,  but  Chinese  engineers  were  eventually  able  to  use  the 
plans  and  tooling  to  successfully  produce  the  bomber.  Chinese  serial  production  of  the  H-6  was 
a  notable  achievement  for  the  military  aviation  industry,  but  the  aircraft  was  based  on  the  Tu¬ 
polev  Tu-16  Badger,  which  had  been  in  service  with  the  Soviet  air  force  since  1954.68  The  H-6 
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has  remained  Chinas  mainstay  bomber  over  the  decades  with  modified  versions  of  the  aircraft 
comprising  the  bulk  of  the  PLAAF  bomber  fleet  even  today. 

Reverse  Engineering  and  Independent  Production 

China  received  licensing  rights  for  the  MiG-21F-13  and  its  Tumansky  turbojet  engine,  but 
transfer  of  other  MiG-21  technical  information  ended  with  the  Sino-Soviet  split.69  Despite  in¬ 
complete  information,  China  managed  to  produce  various  models  of  the  J-7/F-7,  as  well  as  the 
Tumansky  engine,  in  the  1960s  and  1970s.  Some  variants  featured  limited  upgrades  and  improve¬ 
ments.  SAF  had  taken  possession  of  several  completed  models  of  the  MiG-21,  along  with  a  num¬ 
ber  of  assembly  kits  before  the  USSR  withdrew  assistance.  This  provided  a  decent  base  to  start 
from,  though  SAF  only  succeeded  in  producing  upgraded  J-7/F-7  fighters  through  intense  efforts 
at  reverse  engineering.70  The  original  J-7  experienced  numerous  teething  problems  before  mak¬ 
ing  its  maiden  flight  in  1966,  but  was  reworked  and  ultimately  entered  service  with  the  PLAAF, 
and  was  exported  as  the  F-7A.  Both  the  Tanzanian  and  Albanian  air  forces  operated  this  aircraft. 

SAF  later  came  out  with  the  upgraded  J-7I  that  featured  a  variable  air  intake  with  translat¬ 
ing  shock  cone,  an  indigenous  add-on  developed  due  to  missing  information  in  the  Soviet  man¬ 
ufacturing  documents.71  The  PLAAF  operated  the  J-7I  interceptor  along  its  southern  borders 
during  the  Vietnam  War,  where  it  shot  down  six  U.S.  combat  aircraft  that  entered  Chinese  air¬ 
space.72  The  J-7  program  demonstrates  that  although  China  was  unable  to  design  and  produce 
its  own  fighters,  it  had  mastered  coproduction  and  reverse  engineering  well  enough  to  produce 
reasonably  capable  (though  by  no  means  state-of-the-art)  fighters  without  Soviet  assistance. 
This  production  capability  allowed  China  to  produce  F-6  (MiG-19)  and  F-7  (MiG-21)  vari¬ 
ants  to  customers  seeking  low-cost  fighters.  The  J-6  export  variant  (F-6C)  was  produced  from 
complete  Soviet  blueprints  and  with  initial  Soviet  assistance. 

Although  China  had  not  received  a  license  to  coproduce  the  11-28  bomber,  it  ultimately 
decided  to  try  to  reverse  engineer  and  independently  produce  the  bomber  as  the  H-5  (or  B-5). 
As  a  result,  China  did  not  possess  the  same  level  of  design  information  and  Soviet  technical 
support  as  with  its  fighter  aircraft  or  the  H-6  bomber.  When  the  project  finally  began  in  1963, 
there  were  some  significant  design  alterations  in  the  Chinese  version.73  Chinese-produced  H-5 
bombers  did  not  enter  service  with  the  PLAAF  until  1967.74 

The  result  of  forced  reliance  on  indigenous  production  and  reverse  engineering  was  a  PLA 
Air  Force  equipped  throughout  the  1960s,  1970s,  and  1980s  with  large  quantities  of  obsolete 
aircraft  based  on  1950s  vintage  Soviet  designs  that  were  all  the  Chinese  aviation  industry  could 
produce.  Although  PLAAF  leaders  (and  to  some  extent  Chinese  civilian  leaders  including  Deng 
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Xiaoping)  were  aware  of  the  extent  to  which  China  was  falling  behind  advances  in  Western  and 
Soviet  military  aviation  technology,  they  had  few  options  available  to  rectify  the  situation.  In 
addition  to  limited  access  to  international  aircraft  and  aviation  technology  potential,  the  loss  of 
Soviet  support  highlighted  the  importance  of  self-reliance  in  military  technology  for  Chinese 
political  leaders  and  reinforced  the  interest  of  key  civilian  and  military  leaders  in  building  a 
defense  industry  capable  of  independently  designing  and  producing  advanced  systems.  The  re¬ 
sult  has  been  an  enduring  tension  between  PLA  leaders  focused  on  equipping  the  military  with 
technologically  advanced  systems  (acquired  from  abroad  if  necessary)  and  civilian  and  defense 
industry  leaders  focused  on  the  Maoist  goal  of  building  an  independent,  indigenous  defense 
industry  (even  if  the  weapons  it  produced  fell  well  short  of  state-of-the-art  Western  systems). 

New  Windows  of  Opportunity  (1977-1989) 


Buy 

British  firm  GEC 
Marconi  sells  China 
advanced  avionics  for 

J— 7II/F— 7  fighters  (1979) 

French  Dauphin  2 
attack  helicopter  (1980) 

U.S.  “Peace  Pearl” 
transfer  of  advanced 
avionics  for  J-8  fighters 
(1984) 

Coproduce 

France  gives  China 
production  rights 
for  Dauphin  2  attack 
helicopter  (1980) 

Reverse 

Engineer 

Chengdu  J-7II:  Based 
on  MiG-21;  indigenous 
add-ons (1978) 

Chengdu  J-7C:  Reverse 
engineered  from 
Egyptian  MiG-21MF 
(1984) 

Shenyang  J-8A:  Based 
on  MiG-21  airframe 
(mid  1980s) 

Build 

China  develops  1st 
indigenous  fire  control 
radar — Type  204  (1984) 

Deng  Xiaoping’s  emergence  as  Chinas  top  leader  and  the  initiation  of  economic  reforms 
and  opening  in  1978  offered  new  opportunities  for  the  Chinese  economy  generally,  and  for  the 
defense  industry  in  particular.  An  initial  focus  of  the  reforms  was  the  Four  Modernizations 
campaign  (Agriculture,  Industry,  Science  and  Technology,  and  National  Defense).  Although 
defense  was  the  last  of  the  Four  Modernizations  and  given  lower  priority  than  the  first  three, 
the  strategies  used  to  modernize  China’s  national  defense  were  consistent  with  the  broader 
economic  development  strategy’s  emphasis  on  opening  and  reform.  Creating  a  self-sufficient 
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Chinese  national  defense  infrastructure  based  on  a  modern  technology  base  had  been  a  goal 
since  the  first  five-year  plan.75  The  pursuit  of  air  superiority  and  the  role  the  Chinese  military 
aviation  industry  played  in  this  pursuit  took  on  a  new  level  of  importance  once  Deng  became 
Chairman  of  the  CMC  in  1977.76  After  consolidating  all  top  positions  within  the  Chinese  Com¬ 
munist  Party  (CCP)  and  becoming  “paramount  leader,”  Deng  continued  to  develop  his  case  for 
air  power,  stating  to  the  CMC  in  January  1979:  “Without  the  air  force  and  air  domination,  win¬ 
ning  a  future  war  is  out  of  the  question. . . .  Stress  investment  in  the  development  of  the  aviation 
industry  and  the  air  force  to  ensure  air  domination.”77 

Chinas  ten-year  plan  for  developing  both  the  national  economy  and  the  science  and  tech¬ 
nology  base  was  published  on  February  26,  1978.78  The  plan  outlined  many  of  the  key  elements 
necessary  to  produce  modern  military  equipment:  more  raw  materials,  better  understanding 
of  modern  scientific  techniques,  and  access  to  foreign  technology  and  production  practices. 
China  would  increase  trade  by  opening  its  economy,  allowing  foreign  direct  investment,  and 
purchasing  capital  goods  and  technology  from  the  developed  world.  Investment  from  abroad 
would  be  obtained  by  expanding  Chinas  export- oriented  light  industries  (i.e.,  textiles,  clothing, 
and  handicrafts),  which  required  low  amounts  of  capital,  could  be  rapidly  established,  and  had 
“high  foreign  exchange  earnings  potential.”79  Earnings  originating  from  light  industries  could 
then  be  recapitalized  to  continue  expanding  that  sector,  applied  to  the  import  of  advanced  for¬ 
eign  technology,  or  both.  China  was  also  in  a  position  to  leverage  its  ample  energy  resources 
to  finance  technology  acquisition  from  abroad.  This  was  the  basis  of  an  8-year,  twenty  billion 
dollar  agreement  signed  with  Japan  in  1978.80  Casting  military  modernization  in  a  subordinate 
role  to  the  other  three  modernizations  inverted  Mao’s  “superpower”  strategy,  which  stressed 
building  national  defense  as  the  first  imperative  in  elevating  China  to  great  power  status.  The 
more  pragmatic  reform-era  leadership  understood  that  national  defense  capability  improved  as 
a  function  of  overall  economic  progress.  Moreover,  it  realized  that  to  achieve  self-reliance  in  the 
long  term,  China  would  have  to  pursue  the  transfer  of  advanced  foreign  military  and  dual-use 
technologies  in  the  near  term. 

China  continued  to  refine  its  industrial  policy  throughout  the  1980s,  with  the  goal  of 
developing  a  modern,  science  and  technology-driven  economy  in  the  first  half  of  the  21st 
century.  Evan  Feigenbaum  notes  the  contributions  of  scientists  involved  with  Chinas  nuclear 
program  in  the  1950s  and  1960s  in  crafting  and  pushing  forward  the  set  of  policies  establish¬ 
ing  a  new  national  development  trajectory.81  Prominent  nuclear  scientists  like  Zhang  Jingfu 
and  Song  Jian  were  among  a  small  group  of  Chinese  technical  personnel  involved  in  Mao- 
era  programs  requiring  “‘scientific’  decision  analysis.”82  This  gave  them  valuable  experience 
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organizing  research  and  development  to  meet  specific  scientific  objectives,  and  applying  les¬ 
sons  learned  in  the  process  to  other  related  areas.  Observing  the  state  of  global  technological 
innovation  in  the  late  1970s  and  early  1980s  led  the  group  of  scientists  advocating  Chinas 
new  industrial  policies  to  the  conclusion  that  novel  state-of-the-art  technologies  (semicon¬ 
ductors,  integrated  circuits)  would  be  increasingly  dual-use  in  nature  and  thus  result  in  a 
“spin-on”  paradigm.83  Because  commercial  and  military  technologies  would  be  inextricably 
linked  in  the  future,  China  would  have  to  reengineer  its  entire  state  R&D  system  and  not 
focus  solely  on  developing  military  technologies.  The  Chinese  government’s  efforts  to  bridge 
the  technology  gap  with  Western  military  powers  rely  on  spurring  innovation,  stressing 
market  competition,  and  emphasizing  civil-military  integration  ( Junmin  Yitihua )  to  create 
greater  efficiencies.  These  policies  seek  to  construct  an  effective  dual-use  technology  base 
that  can  support  both  the  civilian  economy  and  the  needs  of  the  military.84 

Chinas  opening  and  reform  efforts  built  upon  its  rapprochement  with  the  United  States 
and  the  West  in  the  early  1970s.  The  primary  impetus  for  rapprochement  was  strategic,  but  im¬ 
proved  relations  also  created  a  favorable  climate  for  Chinas  economic  reforms  and,  eventually, 
for  defense  industrial  cooperation  with  Western  countries.  Mirroring  the  Soviet  logic  of  the 
1950s,  the  United  States  and  other  Western  military  powers  sought  to  improve  Chinas  defense 
capability  as  a  means  of  tying  down  the  vast  Soviet  military.  There  was  obviously  not  the  same 
strong  ideological  affinity  between  China  and  the  West  that  there  had  been  during  the  Sino- 
Soviet  partnership.  There  was,  however,  a  mutual  understanding  that  certain  common  objec¬ 
tives — namely,  undermining  Soviet  power  and  influence — could  be  advanced  by  assistance  to 
Chinas  defense  industry.  China  did  not  view  the  West  as  an  ally  per  se,  nor  did  the  West  expect 
a  close  defense  relationship  to  emerge  from  new  circumstances. 

The  strategic  rationale  for  cooperation  was  paired  with  the  realization  by  Western  defense 
industries  that  significant  profits  might  be  available  by  selling  arms  to  China  and  assisting  in  the 
modernization  of  Chinas  backward  defense  industries.  Continuing  export  controls  and  legal 
restrictions  on  the  export  of  arms  and  advanced  technologies  to  China  also  meant  that  coopera¬ 
tion  expanded  at  a  gradual,  modest  pace  with  considerable  oversight  by  Western  governments. 
On  Chinas  side,  the  opportunity  to  take  advantage  of  new  access  to  Western  military  avia¬ 
tion  technologies  clashed  with  the  desire  to  build  an  independent  aviation  industry  and  Maoist 
concerns  about  self-reliance.  As  Lewis  and  Xue  write,  “The  ensuing  compromise  restricted  the 
definition  of  self-reliance  to  the  outright  purchase  of  aircraft,  while  extending  the  meaning  of 
Deng  Xiaoping’s  Open  Door  policy  to  permit  the  acquisition  of  foreign  air-launched  weapons 
and  avionics.”85 
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Buying,  Coproduction,  and  Integration 

China  chose  to  pursue  acquisition  of  armaments  and  avionics  rather  than  outright  purchases 
of  Western  combat  aircraft  (which  Western  governments  would  have  been  reluctant  to  allow). 
Helicopters  were  an  exception  to  this  general  rule.  In  1977,  the  French  delivered  the  SA-321  Super 
Frelon  helicopter  to  China,  and  allowed  China  to  coproduce  it  as  the  Z-8  beginning  in  1981.86 
France  also  agreed  to  let  China  coproduce  its  Dauphin  2  attack  helicopter  as  the  Z-9  beginning  in 
1980.87  The  earliest  fighter  technology  transfers  came  in  1979,  in  the  form  of  a  license  agreement 
between  China  and  the  British  defense  firm  GEC-Marconi  (now  BAE  avionics)  to  supply  the  J-7II 
tactical  fighter,  as  well  as  F-7  export  variants,  with  a  complete  avionics  suite.  This  upgrade,  which 
included  the  Type  226  Skyranger  radar,  weapons-aiming  computer,  and  state-of-the-art  display 
systems,  represented  a  huge  boost  for  Chinas  military  aviation  industry.  Chinese-produced  F-7s 
with  Western  avionics  sold  well  on  the  export  market  with  the  air  forces  of  Sri  Lanka,  Iran,  Myan¬ 
mar,  Bangladesh,  and  Pakistan  all  signing  purchase  agreements  in  the  1980s.  The  F-7s  were  not 
actually  delivered  until  the  late  1980s  and  early  1990s  and  many  remain  in  service  today.  J-7/F-7 
aircraft  produced  in  the  1970s  and  1980s  with  advanced  avionics  were  an  improvement  over  the 
J-6/F-6  series,  but  still  lagged  far  behind  Western  and  Soviet  fourth-generation  fighters  that  were 
entering  service  in  the  same  time  period.88 

The  Shenyang  J-8A  (a  twin-engine  MiG-21  derivative)  was  the  most  sophisticated  fighter 
China  operated  in  the  late  1980s.  Shenyang  Aircraft  Corporation  (SAC)89  proved  that  it  could 
go  beyond  simply  reproducing  Soviet  designs  by  modifying  the  MiG-21  airframe  to  accommo¬ 
date  the  J-8A’s  two  Wopen-7A  turbojet  engines.  However,  the  derivative  body  design  limited 
top  speed  to  a  “modest”  Mach  2.2,  making  the  J-8A  slower  than  third-generation  Soviet  fight¬ 
ers  like  the  MiG-23.90  China  sought  to  use  its  newfound  access  to  Western  avionics  to  improve 
the  J-8A’s  combat  capability.  By  the  mid-1980s,  China  had  developed  its  first  indigenous  fire 
control  radar  (Type  204),  but  this  system  lacked  some  state-of-the-art  features  embedded  in 
Western  and  Soviet  radar  systems,  most  notably  beyond-visual-range  capacity.  One  of  the  four 
programs  under  the  U.S./China  “Peace  Pearl”  initiative  launched  in  the  mid  1980s  involved  the 
U.S.  firm  Westinghouse  equipping  50  J-8  fighters  with  advanced,  beyond-visual-range  capable 
radar  systems.  Sanctions  banning  sale  of  U.S.  arms  to  China  were  imposed  in  the  wake  of  the 
1989  Tiananmen  massacre,  but  in  1992  President  George  H.W.  Bush  issued  a  waiver  stating 
that  it  was  “in  the  national  interest”  to  fulfill  the  terms  of  four  suspended  weapons  sales  pro¬ 
grams  on  the  grounds  that  none  of  them  “significantly”  boosted  Chinese  military  capabilities.91 
The  waiver  also  stated  that  fulfilling  these  programs  would  “improve  the  prospects  for  gaining 
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further  cooperation  from  China  on  nonproliferation  issues.”92  The  PLAAF  ultimately  received 
two  modified  J-8  fuselages  and  four  avionics  kits  to  close  out  the  “Peace  Pearl”  effort. 

China  also  reportedly  developed  a  variant  of  the  J-8,  the  ACT  control  variant,  which  fea¬ 
tured  analogue  fly-by-wire  (FBW)  controls.  A  working  test  bed  was  flown  in  1988.  The  ability  to 
produce  an  aircraft  incorporating  this  technology  is  noteworthy  given  the  fact  that  China  had  no 
legal  access  to  it  through  Western  or  Soviet  channels  (FBW  controls  had  been  incorporated  into 
new  Western  and  Soviet  fighters  by  the  mid-1970s).  Chinese  military  aviation  had  not  mastered 
less  challenging  aspects  of  avionics  development  at  the  time  the  J-8ACT  program  was  underway, 
and  it  is  unlikely  that  the  knowledge  to  produce  FBW  controls  came  about  via  indigenous  R&D. 
There  is  no  way  to  draw  definitive  conclusions  about  where  China  acquired  the  knowledge  to 
produce  this  technology,  but  its  defense  relationship  with  Israel  provides  one  possible  answer. 
Development  work  on  the  FBW-capable  Israeli  Lavi  fighter  began  in  1982  and  by  the  time  Sino- 
Israeli  defense  cooperation  was  established  in  1984,  the  Lavi  project  was  in  full  swing.  A  range  of 
open  source  information  suggests  that  Israel  transferred  advanced  military  aviation  technologies 
to  China  long  before  formal  diplomatic  relations  were  established  in  1992.93 

Advances  in  Chinese  military  aviation  from  the  late  1970s  to  the  late  1980s  came  primarily 
as  a  result  of  exposure  to  more  sophisticated  Western  aviation  technologies  and  their  integra¬ 
tion  into  PLAAF  aircraft.  Access  to  the  GEC  Marconi  radar  and  to  FBW  technology  required 
Chinese  technical  personnel  to  perform  design  modifications  necessary  to  accommodate  these 
new  systems.  It  also  provided  a  starting  point  for  reverse  engineering  efforts,  though  due  to 
Chinas  inexperience  with  Western  production  practices  there  was  no  guarantee  of  success.  De¬ 
spite  newfound  access  to  some  state-of-the-art  military  hardware  and  innovations  in  airframe 
design,  Chinas  defense  sector  remained  incapable  of  producing  modern  weapons  systems.94 
Numerous  deficiencies  prevented  China  from  turning  out  cutting-edge  equipment.  The  issues  it 
faced  were  specific  to  its  system  of  economic  and  political  organization,  not  merely  the  byprod¬ 
ucts  of  central  planning.  (The  Soviet  case  proves  that  an  economy  based  on  central  planning  can 
produce  some  of  the  world’s  most  advanced  military  hardware.) 

During  the  1980s  and  1990s,  state-owned  Chinese  defense  enterprises  received  cost  plus 
5  percent  for  all  equipment  produced,  providing  no  incentive  to  cut  costs  or  maximize  produc¬ 
tion  efficiency.95  There  was  no  competition  to  determine  which  enterprise  would  build  which 
system.  Enterprises  were  (and  still  are  to  some  degree)  assigned  projects  based  on  ministerial 
bargaining,  nullifying  a  great  deal  of  the  incentive  to  turn  out  a  better  end  product.96  The  story 
of  this  time  period  for  the  aviation  industry  is  mixed:  from  an  organizational  perspective,  the 
objectives  articulated  in  the  Four  Modernizations  campaign  and  attention  to  air  power  at  the 
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highest  levels  of  leadership  set  a  course  for  progress.  On  the  other  hand,  the  industry  made 
almost  no  tangible  progress  in  closing  the  technology  gap  with  Soviet  or  Western  air  forces  in 
the  1980s. 

Three  significant  developments  would  come  to  shape  the  trajectory  of  Chinese  military 
aviation  in  the  next  time  period  we  analyze.  First,  there  was  the  decision  to  emphasize  the  de¬ 
velopment  and  diversification  of  the  overall  Chinese  economy  via  deeper  market  reforms.  The 
initial  impact  on  the  defense  industry  was  negative,  as  funding  for  the  military  was  reduced 
and  the  defense  industry  was  encouraged  to  convert  to  civilian  production.  Over  the  longer 
run,  however,  development  of  the  broader  economy  produced  both  financial  resources  and  ac¬ 
cess  to  technologies  that  would  support  a  more  advanced  defense  technology  base.  The  second 
important  event  was  the  Sino-Soviet  rapprochement.  Soviet  Premier  Mikhail  Gorbachev’s  visit 
to  Beijing  in  May  1989  marked  the  official  return  of  normal  relations  between  the  two  sides  and 
was  eventually  followed  in  the  early  1990s  by  new  arms  sales  agreements,  including  the  sale 
of  the  Sukhoi  Su-27  Flanker.97  These  deals  were  largely  negotiated  on  Chinese  terms,  offering 
China  the  opportunity  to  pursue  new  procurement  strategies.  Finally,  the  Tiananmen  massacre 
in  June  1989  led  to  an  immediate  end  of  Chinese  legitimate  access  to  most  Western  arms  and 
military  aviation  technologies. 

New  Partners,  New  Strategies  (1989-2004) 

The  immediate  Chinese  leadership  response  to  Tiananmen  was  a  political  clampdown  and 
economic  retrenchment,  but  by  early  1991  economic  growth  had  resumed  and  the  stage  was 
set  for  further  economic  reforms  that  would  lay  the  foundation  for  sustained  Chinese  growth. 
Openness  to  trade  and  foreign  investment  helped  the  Chinese  economy  grow  rapidly  and  de¬ 
velop  a  deeper  civilian  technology  base.  Although  the  United  States  and  Western  European 
countries  sought  to  limit  Chinese  access  to  Western  arms  and  military  technology  through 
export  controls  and  sanctions,  the  lure  of  access  to  Chinas  market  ultimately  gave  Chinas  de¬ 
fense  industries  access  to  considerable  dual-use  technology  that  could  be  “spun  on”  to  military 
applications.  Moreover,  the  rapid  advancement  of  computer,  communications,  and  material 
technologies  in  a  globalized  economy  meant  that  technologies  once  used  primarily  in  military 
industries  became  ubiquitous  (and  free  from  export  controls). 

The  Chinese  defense  industry’s  access  to  advanced  computers  in  the  mid-1990s  support¬ 
ed  efforts  to  develop  more  sophisticated  design  capabilities.  Supercomputers  obtained  from 
the  United  States  after  export  laws  were  loosened  in  1996  and  1998  were  later  used  to  simulate 
the  detonation  of  nuclear  warheads  without  actual  underground  testing.98  China’s  shipbuilding 
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industry  also  made  new  advances  enabled  by  computer-assisted  design  (CAD)  technology  to 
improve  both  the  quantity  and  quality  of  maritime  vessels."  The  Xian  FBC-1  fighter-bomber 
(also  known  as  the  JH-7)  presents  the  most  compelling  example  of  U.S.  supercomputer  tech¬ 
nology  being  used  to  expand  Chinese  military  aviation  capabilities.  Designed  to  replace  out¬ 
dated  light  bombers  like  the  Nanchang  Q-5  and  Harbin  H-5,  the  development  program  for 
the  JH-7  began  in  the  1980s.  Six  prototypes  were  developed  in  the  early  1990s  and  delivered  to 
the  PLAAF  and  PLANAF  for  evaluation.  An  upgraded  variant,  the  JH-7A,  came  out  around 
2000  and  was  the  first  Chinese  aircraft  based  solely  on  CAD  design.  Chinese  engineers  report¬ 
edly  bragged  that  the  fighter-bomber  was  designed  using  supercomputers  imported  from  the 
United  States.  The  fact  that  Xian  Jiaotong  University  houses  a  supercomputer  and  has  ties 
to  the  Xian  Aircraft  Industry  Corporation  (XAC)  and  the  603d  Aircraft  Design  Institute,  the 
principal  contractors  on  the  JH-7A,  may  explain  why  CAD  technologies  were  applied  to  the 
JH-7A  rather  than  the  more  advanced  J— 10  fighter.  In  the  wake  of  discoveries  during  the  1990s 
that  China  had  diverted  some  supercomputers  acquired  from  the  United  States  for  military 
purposes,  Congress  passed  a  law  in  1998  tightening  restrictions  on  the  technology.  Chinas 
indigenous  efforts  to  develop  its  own  supercomputers  since  the  late  1990s  have  made  the  law 
(at  least  as  it  applies  to  China)  somewhat  irrelevant.100  A  2003  report  cites  the  twin  seat  J-10BS 
variant  as  the  first  Chinese  fighter  produced  with  CAD,  noting  that  the  software  decreased  the 
time  it  took  to  render  design  drawings  from  10  to  6  months.101  The  fact  this  achievement  was 
reported  publicly  does  not  contradict  the  conclusion  that  the  JH-7  was  Chinas  first  CAD- 
assisted  fighter,  but  instead  hints  at  the  fact  that  the  J-10BS  was  the  first  example  of  a  military 
aircraft  designed  using  domestically  produced  CAD  technology.  All  subsequent  Chinese  mili¬ 
tary  aviation  development  projects  almost  certainly  utilize  CAD. 

Although  China  lost  legitimate  access  to  most  Western  defense  technologies  after  Tianan¬ 
men,  it  continued  existing  defense  technology  ties  with  Israel  and  reestablished  them  with  Rus¬ 
sia.  Ukraine  also  emerged  as  an  important  source  of  air-to-air  (AAM)  and  air-to-surface  missiles 
(ASM)  for  the  PLAAF.102  Unlike  the  previous  Sino-Soviet  defense  arrangement  where  Beijing 
was  dependent  on  Moscow  and  negotiated  from  a  weaker  bargaining  position,  the  economi¬ 
cally  tumultuous  post-Soviet  Russian  state  was  much  more  dependent  on  China  as  a  buyer.  This 
allowed  China  to  gain  access  to  both  advanced  fighters  and  aviation  technologies  that  a  more 
solvent  Russian  government  likely  would  have  preferred  not  to  sell. 

In  response  to  these  new  opportunities,  China  pursued  multiple  options  to  advance  mili¬ 
tary  modernization.  The  PLA  purchased  limited  quantities  of  advanced  Russian  aircraft,  ships, 
and  submarines  in  order  to  gain  experience  operating  modern  weapons  systems.  For  the  PLAAF, 
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this  included  acquisition  of  the  Su-27  fighter  and  the  S-300  surface-to-air  missile.  The  deal  even¬ 
tually  evolved  into  a  coproduction  arrangement  intended  to  produce  200  aircraft  and  then  into 
efforts  to  reverse  engineer  key  components  to  create  an  independent  production  capability  Chi¬ 
nese  defense  industries  continued  efforts  to  develop  their  own  new  systems,  seeking  to  integrate 
advanced  imported  technologies  and  components  into  the  design  where  Chinese  equivalents  were 
not  available.  The  J— 10  fighter,  which  uses  Russian  engines,  is  one  such  example.  Chinese  defense 
industries  also  sought  to  adapt  imported  and  indigenous  avionics  and  armaments  to  improve  the 
capabilities  of  older  platforms. 

At  the  strategic  level,  in  keeping  with  Deng’s  earlier  pronouncements  regarding  the  cen¬ 
trality  of  air  power  in  winning  modern  wars,  the  Chinese  began  investing  more  time  in  re¬ 
lated  research.  Academics  and  military  strategists  examined  U.S.  and  Soviet  theories  on  how  to 
achieve  maximum  effect  through  the  use  of  air  power.103  Beijing  was  realistic  about  the  relative 
weakness  of  the  PLAAF  when  measured  against  its  U.S.  and  Soviet  counterparts.  While  it  as¬ 
similated  air  power  strategy  as  conceived  by  the  superpowers,  China  was  equally  interested  in 
understanding  how  countries  with  qualitatively  less  advanced  air  forces  could  employ  air  power 
against  more  powerful  opponents.  Several  works  cite  surprise  attacks  by  the  Argentine  air  force 
against  British  naval  forces  during  the  Falklands  War  as  an  illustrative  example.104  It  was  also 
during  this  time  period  that  Chinese  defense  analysts  and  military  planners  began  to  trans¬ 
late  the  emphasis  on  expanded  air  power  into  concrete  technology  acquisition  and  procure¬ 
ment  goals.  In  the  early  1990s,  the  PL  A  was  still  operating  under  significant  budget  constraints; 
since  the  outset  of  opening  and  reform  resources  had  been  shifted  to  nondefense  areas  of  the 
economy  Despite  this  situation,  PLAAF  planners  mapped  out  a  development  trajectory  for  the 
air  force  which  has  been  more  or  less  followed:  (1)  phase  out  equipment  based  on  antiquated 
technology;  (2)  place  emphasis  on  aircraft  quality  over  quantity;  (3)  graft,  when  possible,  new 
technology  (radar,  avionics,  missiles)  onto  older  airframes  to  increase  combat  effectiveness  and 
extend  service  life;  and  (4)  focus  on  long-term  self-reliance,  while  filling  existing  technology 
gaps  in  military  aviation  via  procurement  of  foreign  equipment/knowledge.105 

In  1998,  China  undertook  a  massive  restructuring  of  its  defense  industry  with  the  aim  of 
ensuring  that  the  PLA  was  adequately  involved  in  procurement  decisions.  Prior  to  creation  of 
the  General  Armaments  Department  (GAD),  the  intermediary  between  the  end  user  of  weap¬ 
onry  (PLA)  and  the  supplier  (the  defense  industry)  was  the  Commission  of  Science,  Technol¬ 
ogy,  and  Industry  for  National  Defense  (COSTIND).  This  system  resulted  in  a  fundamental 
misalignment  of  interests  as  COSTIND  failed  to  properly  represent  the  needs  of  the  Chinese 
military,  instead  allowing  the  weapons  producers  to  advance  their  own  institutional  interests  at 
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the  expense  of  the  PLA.106  The  defense  reforms  of  the  late  1990s  allowed  the  PLA,  through  the 
GAD,  to  take  the  lead  in  dictating  procurement  requirements  based  on  actual  need.107  While  the 
reforms  did  not  specifically  address  resource  competition  among  the  service  branches,  they  did 
provide  a  mechanism  for  the  PLAAF  to  align  procurement  with  its  strategic  development  objec¬ 
tives.  Leadership  support  for  increased  air  power  capability  also  helped  the  PLAAF  advance  its 
procurement  agenda. 

Buying,  Coproduction,  and  Reverse  Engineering 

After  Gorbachev’s  1989  visit  to  Beijing,  Sino-Soviet  rapprochement  was  solidified  by  vari¬ 
ous  arms  sales  agreements  including  the  1991  deal  for  China  to  purchase  a  dozen  Sukhoi  Su-27 
fighters.108  At  the  time,  the  Soviet  Union  had  just  collapsed  and  the  new  Russian  economy  was  in 
a  shambles.  Strapped  for  cash,  Moscow  was  ready  to  leverage  the  defense  industry — one  of  the 
few  performing  sectors  of  the  economy — in  order  to  profit.  China  was  quick  to  take  advantage 
of  the  deteriorating  situation  in  the  early  1990s,  getting  Moscow  to  accept  poor  quality  “barter 
goods”  in  exchange  for  weaponry.109  Russia  had  little  choice  but  to  put  longer-term  strategic  se¬ 
curity  concerns  on  the  back  burner  and  do  what  it  could  to  keep  its  arms  industry  operational. 
To  provide  some  idea  of  how  important  Chinese  arms  sales  became  to  the  Russian  defense  in¬ 
dustry,  a  U.S.  Department  of  Defense  report  estimated  the  value  of  weaponry  delivered  to  China 
(not  simply  agreed  upon)  from  1990  to  2002  at  between  $7  and  $10  billion.110 

China  took  delivery  of  its  initial  order  of  12  Su-27s  in  1992,  and  an  additional  batch  of  18 
Su-27SKs  and  6  Su-UBKs  in  1995-1996.  Altogether  China  purchased  48  Su-27  Flankers  before 
deciding  to  build  the  aircraft  domestically  as  the  Shenyang  J-ll. 

The  J-ll  story  began  in  1996,  when  Russian  arms  export  organization  Rosoboronexport 
signed  a  $2.7  billion  licensing  agreement  with  Shenyang  Aircraft  Corporation  allowing  copro¬ 
duction  of  200  Su-27s.m  The  agreement  came  with  two  provisos:  that  China  would  not  export 
the  J-ll  and  that  the  fighters  would  be  fitted  with  Russian  engines,  radar,  and  avionics  which 
would  not  be  licensed  for  coproduction.112  This  important  agreement,  which  moved  Chinas 
military  aviation  industry  from  third-generation  to  fourth -generation  production  capacity, 
came  about  through  the  actions  of  the  General  Director  of  the  Sukhoi  Design  Bureau,  Michael 
Simonov,  who  negotiated  the  deal  without  Moscow’s  approval  and  later  presented  it  to  the  Yelt¬ 
sin  government  as  a  fait  accompli.113  Simonov  (acting  more  in  the  interests  of  Sukhoi  than  the 
new  Russian  state)  knew  that  forming  a  strategic  partnership  with  China  was  the  cornerstone 
of  Yeltsin’s  Asia  policy  and  that  a  reversal  of  the  Flanker  deal  on  Moscow’s  part  might  sabotage 
these  efforts.  The  terms  of  the  arrangement  were  finalized  and  SAC  received  manufacturing 
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documents  for  the  Su-27  in  1997  along  with  complete  knock-down  kits  from  which  it  assem¬ 
bled  its  first  two  J—  1  Is.  Although  both  fighters  were  test  flown,  they  proved  to  be  of  such  poor 
workmanship  that  Russian  technicians  were  called  in  to  rebuild  them.114 

During  the  first  3  years  of  production,  SAC  assembled  just  five  J— 1  Is.  Over  the  next  3  years 
it  quadrupled  this  number,  turning  out  20  aircraft  by  2003.  As  SAC  began  to  successfully  produce 
its  own  replacement  parts,  the  Russian  supplier  (KnAPPO)  began  to  reduce  the  contents  of  the 
knock-down  kits  it  provided.  By  2002  China  was  not  just  coproducing  the  J— 1 1,  but  doing  it  at 
a  high  level  of  quality — a  remarkable  development  given  that  just  4  years  earlier  SAC  could  not 
even  put  the  fighter  together  correctly  without  Russian  technical  assistance.115  By  late  2004,  SAC 
had  taken  possession  of  all  105  CKD  kits  delivered  from  Russia  and  had  managed  to  assemble  and 
deliver  95  of  those  to  the  PLAAF.  After  mastering  coproduction  China  quickly  moved  on  to  devel¬ 
oping  its  own  version  of  the  J— 1 1.  Russia  cancelled  plans  to  fulfill  the  remainder  of  the  order  after 
discovering  that  China  had  an  indigenous  J— 1 1  in  the  pipeline.116  The  1996  agreement  stipulated 
that  China  would  equip  its  J-l  Is  solely  with  Russian  made  engines,  radar,  and  avionics,  which  left 
China  dependent  on  KnAPPO.  Russia  had  no  objection  to  China  producing  replacement  parts 
not  related  to  engine,  radar,  or  avionics;  the  violation  occurred  when  it  began  to  develop  these 
three  systems  indigenously.  By  doing  so,  China  ensured  that  it  would  not  be  reliant  on  Moscow 
for  any  component  part  of  its  J— 1  Is.  This  presented  the  Russian  aviation  industry  with  a  loss  of 
future  revenue  and  also  presented  the  possibility  that  China  would  attempt  to  sell  its  J- 1 1  on  the 
international  arms  market.  To  date  China  has  made  no  effort  to  export  any  J- 1 1  variant,  nor  has  it 
expressed  any  interest  in  doing  so.  Chinese  officials  justified  the  decision  to  violate  the  contract  by 
claiming  that  the  95  Su-27s  on  order  were  no  longer  adequate  to  serve  the  needs  of  the  PLAAF — 
an  interesting  claim  given  the  large  number  of  third  generation  J— 8s  still  in  service.  Chinas  deci¬ 
sion  to  abrogate  the  terms  of  the  Su-27/J- 1 1  contract  has  had  lasting  consequences.  Since  2006, 
Russia  has  refused  to  enter  into  any  substantive  military  aviation  transfer  agreement.  We  discuss 
some  of  the  repercussions  for  China  in  the  next  section. 

It  took  4  years  to  produce  three  prototypes  of  the  J-l  IB  multirole  fighter,  and  another  2 
years  to  build  the  twin-seat  J-l  IBS  variant.  Sources  in  the  Chinese  defense  industry  report  that 
the  J-l  IB  is  based  on  roughly  90  percent  Chinese-designed  parts  and  subsystems,  including  the 
Type  1474  serial  radar  system,  3-axis  data  system,  power  supply  system,  emergency  power  unit, 
brake  system,  hydraulic  system,  fuel  system,  environment  control  system,  and  molecular  sieve 
oxygen  generation  systems.117  The  J-11B/BS  is  also  fitted  with  indigenous  PL-12  air-to-air  mis¬ 
siles.  There  have  been  several  cases  since  2008  of  Russian  authorities  in  the  Transbaikal  region 
arresting  Chinese  citizens  for  attempting  to  smuggle  spare  Su-27  parts  into  China.118  This  might 
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suggest  that  China  is  not  able  to  design  90  percent  of  the  original  fighter’s  parts  and  subsystems 
(the  10  percent  gap  in  design  capability  alluded  to  presumably  refers  to  engines,  avionics,  and 
radar  which  were  not  among  the  smuggled  items).  The  engine  is  the  only  major  subsystem 
China  has  openly  acknowledged  it  has  yet  to  master,  relying  on  the  imported  Russian  AL- 
31F  turbofan  for  both  the  J—  1 1  and  J— 10  fighters.119  Shenyang  Liming  Motor  Corporation  has 
produced  a  turbofan  engine  in  the  WS-10A  Taihang  (likely  the  product  of  substantial  reverse 
engineering)  that  approaches  the  performance  of  the  AL-31F,  but  takes  twice  as  long  to  “spool 
up,”  or  obtain  the  same  thrust  output,  as  its  Russian  counterpart.120  This  lag  time  could  have  life 
or  death  consequences  for  a  pilot  needing  to  restart  his  engine. 

Chinese  military  aviation  worked  hard  to  incorporate  indigenous  systems  into  the  J—  1  IB. 
The  upgraded  systems  were  developed  as  improvements  to  the  original  Su-27SK,  which  was 
dated  technology  by  the  mid  1990s  (the  Soviet  Air  force  began  operating  the  Flanker  in  1985). 
Chinas  subsequent  decision  to  lobby  Sukhoi  to  sell  it  an  upgraded  version  of  the  Flanker  was 
precipitated  by  a  handful  of  factors.  China  was  looking  for  a  faster  way  to  obtain  increased  fight¬ 
er  capability  than  was  presented  by  developing  indigenous  upgrades.  The  1995-1996  Taiwan 
Strait  crisis  highlighted  the  real  possibility  of  an  armed  conflict,  which  in  turn  reinforced  previ¬ 
ous  conclusions  about  the  centrality  of  Chinese  air  power  in  prevailing  in  a  Taiwan  scenario. 
Displays  of  overwhelming  U.S.  air  power  in  the  1991  Gulf  War  were  undoubtedly  still  fresh  in 
the  minds  of  Chinese  military  planners  during  the  Strait  crisis.  In  addition,  the  Russian  gov¬ 
ernment’s  inability  to  regulate  military  transfers  and  the  tenuous  state  of  the  national  economy 
ensured  that  China  could  gain  access  to  fighter  technology  that  was  closer  to  state  of  the  art  than 
Russia  might  have  been  willing  to  sell  in  better  circumstances.121 

The  Su-30MK  ( modernizeerovannyy  kommercheskiy — upgraded  export  variant)  was  al¬ 
ready  available  on  the  international  arms  market  at  the  time  China  was  seeking  an  upgraded 
Flanker.  Russia  agreed  to  sell  China  a  version  of  this  aircraft,  appending  “K”  to  the  name  to 
denote  the  customer  ( kitayskiy — Chinese),  in  1998.  While  the  two-seat  Su-30MKK  was  not  the 
best  fighter  Russia  was  able  to  produce,  it  represented  a  significant  jump  forward  for  the  PLAAF, 
particularly  in  terms  of  subsystems.  The  avionics  suite  incorporated  cutting-edge  digital  proces¬ 
sors  that  linked  the  primary  avionics  subsystems  together  via  multiplex  databuses.122  This  made 
it  possible  for  China  to  integrate  new  avionics  components,  either  indigenously  produced  or 
purchased  from  a  third  party,  as  they  became  available.  The  first  batch  of  10  Su-30MKK  aircraft 
entered  service  at  Wuhu  airbase  in  December  2000. 123  Another  70  were  delivered  to  China  in 
2001.  China  and  Russia  signed  a  contract  in  2003  for  the  sale  of  a  Su-30  variant  with  maritime 
strike  capability  (MK2),  with  the  PLANAF  taking  possession  of  24  of  the  aircraft  in  early  2004. 
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The  Su-30MKK  is  the  most  sophisticated  fighter  the  PLAAF  operates  to  this  day — a  mantle  it  is 
likely  to  wear  until  Chinas  fifth -generation  fighter  comes  into  service. 

Buying,  Building,  and  Stealing 

In  addition  to  acquisition  and  coproduction  of  the  Su-27,  China  also  continued  to  pursue 
indigenous  development  efforts  in  parallel  through  the  J— 10  fighter  program,  which  drew  sig¬ 
nificantly  on  Israeli-rooted  technology  and  design  assistance.124  Defense  collaboration  between 
the  two  countries  was  in  full  swing  as  early  as  1984  with  arms  sales  reaching  an  estimated  $3.5 
billion  in  that  year  alone.125  A  great  deal  of  speculation  remains  regarding  the  amount  and  type 
of  technical  assistance  Israel  provided  in  the  development  of  the  J- 1 0,  but  open  source  materials 
clearly  indicate  that  Israel  used  some  expertise  gained  from  developing  the  U.S. -financed  Lavi 
fourth-generation  fighter  to  assist  in  the  development  of  the  J- 10. 126  It  is  difficult  to  determine 
whether  the  design  assistance  provided  by  the  Israelis  on  the  J— 10  rises  to  the  level  of  codevelop¬ 
ment  as  articulated  in  the  model.  It  is  likewise  difficult  to  determine  from  open  source  materials 
what,  aside  from  money,  China  offered  Israel  in  exchange  for  design  assistance  on  the  J— 10.  One 
logical  possibility  is  that  Beijing  shared  technical  information  on  the  missiles  it  sold  to  countries 
hostile  to  Israel — Iran  being  a  prime  example.  Arguments  have  also  circulated  that  China  had 
access  to  a  Pakistani  F-16,  parts  of  which  it  may  have  reverse  engineered  and  integrated  into 
the  J— 10.  The  J— 10  is  clearly  not  a  Lavi  clone,  however.  It  has  significant  design  differences  from 
the  Lavi  including  its  larger  size,  canard  positioning,  wing  platform,  and  two-dimensional  air 
intake.127  It  was  originally  designed  to  use  the  Israeli  Elta  EL/M-2035  radar,  which  can  simul¬ 
taneously  track  six  air  targets  and  lock  onto  the  four  most-threatening,  but  is  also  able  to  in¬ 
corporate  Russian  and  Chinese  avionics.  Both  the  original  J— 10  and  the  J-10B/AS/AB  upgrade 
variants  that  came  into  PLAAF  service  in  2006  sport  specially  designed  Russian  Lyul’ka  Saturn 
AL-31N  turbofan  engines.128 

Israel  was  Chinas  second  largest  source  of  military  aviation  technology  transfer  in  the 
1990s.129  While  this  data  point  is  undeniable,  some  clarification  should  be  added.  Russian 
arms  sales  to  China  during  the  1990s  topped  those  of  all  other  countries  combined;  Israel’s 
stake  in  the  market  was  trivial  by  comparison.  Nevertheless,  it  assisted  Chinese  military  avia¬ 
tion  in  several  other  areas.  In  the  mid-1990s  Israel  agreed  to  sell  China  its  Phalcon  Airborne 
Early  Warning  and  Control  (AEW&C)  platform  and  the  Harpy  unmanned  aerial  vehicle.  At 
the  time,  some  defense  experts  rated  the  Phalcon  as  the  most  advanced  AEW8cC  system  in 
the  world.  This  might  explain  why  China  approached  Israel  rather  than  Russia  for  access  to 
the  technology.  With  Western  arms  embargoes  still  in  full  force,  there  was  a  very  short  list 
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of  states  willing  and  able  to  sell  China  advanced  military  aviation  hardware.  Israeli  Aircraft 
Industries  (IAI)  received  an  initial  $319  million  deposit  from  China  to  secure  the  Phalcon. 
News  of  the  deal  provoked  a  strong  reaction  in  Washington,  where  there  was  growing  concern 
over  Chinese  military  modernization,  particularly  as  it  applied  to  a  potential  Taiwan  scenario. 
Chinese  military  planners  understood  that  in  order  to  prevail  in  a  Taiwan  scenario  (with  U.S. 
military  intervention  likely),  it  was  essential  to  control  the  airspace  over  the  strait.  The  first 
Gulf  War  confirmed  to  Beijing  the  extent  of  the  gap  between  the  PLAAF  and  its  potential  U.S. 
rival.  AEW&C  was  one  of  a  set  of  capabilities  that  China  needed  to  develop  in  order  to  stand 
a  chance  of  contesting  the  U.S.  Air  Force  over  the  Taiwan  Strait.  From  Israel’s  perspective,  a 
supplier- client  relationship  with  a  rising  power  like  China  was  a  golden  opportunity  for  its 
small  yet  capable  indigenous  defense  industries. 

Israel  ultimately  decided  that  its  relationship  with  the  United  States  was  too  important  to 
jeopardize,  and  in  July  2000  it  canceled  the  Phalcon  sale  and  refunded  Chinas  deposit.  Beijing 
was  furious  when  Israel  announced  it  was  backing  out  of  the  deal.  Prime  Minister  Ehud  Barak 
had  promised  that  China  would  receive  Phalcon  technology,  leading  President  Jiang  Zemin  to 
make  public  statements  to  that  effect.130  Jiang  lost  face  over  what  turned  out  to  be  empty  prom¬ 
ises  and  a  substantial  diplomatic  rift  between  the  two  sides  ensued.131 

Since  the  Phalcon  deal  fell  through  in  2000,  China  has  pursued  its  own  domestic  AEW&C 
development  program,  encountering  numerous  difficulties  along  the  way.  In  2006  a  prototype 
aircraft  undergoing  flight  testing  crashed  in  Anhui  province,  killing  40  people,  among  them 
35  technicians  who  were  intimately  involved  with  the  project.132  China  has  since  succeeded  in 
producing  several  types  of  AEW&C  aircraft:  the  KJ-200,  based  on  the  Soviet  Yak-8  transport, 
and  the  KJ-2000,  based  on  the  Russian  A-50  MAINSTAY  airframe.133  The  PLAAF  has  taken 
possession  of,  and  is  presumably  operating,  at  least  four  KJ-2000s.134  Little  is  known  about  the 
exact  capabilities  of  these  aircraft,  though  there  is  speculation  that  they  are  similar  in  design, 
though  technically  inferior,  to  the  Phalcon.135  The  degree  to  which  Chinas  AEW&C  aircraft 
were  developed  domestically  remains  an  open  question.  Despite  the  fact  that  Israel  cancelled  its 
sale  of  the  Phalcon,  it  is  not  implausible  that  it  might  have  provided  China  design  and  technical 
assistance  after  the  fact. 

Israel’s  reversal  on  the  Phalcon  damaged  its  military  aviation  technology  transfer  relation¬ 
ship  with  China  (and  also  affected  overall  bilateral  relations),  but  the  Harpy  fiasco  in  2004  was 
the  knock-out  punch.  Designed  to  “detect,  attack,  and  destroy  radar  emitters  with  a  very  high 
hit  accuracy,”  the  Harpy  is  an  unmanned  aerial  vehicle  (UAV)  with  all-weather  capability.136  Its 
range,  the  fact  that  it  is  launched  from  a  ground  vehicle  outside  the  immediate  battlespace,  and 
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its  ability  to  neutralize  SAM  and  radar  sites  for  long  periods  of  time  made  the  Harpy  a  sought- 
after  item  for  Chinese  military  planners  looking  out  over  the  Taiwan  Strait.  The  Harpy  deal  was 
negotiated  in  the  mid-1990s,  with  China  having  taken  possession  of  around  one  hundred  of 
the  UAVs  by  1999. 137  The  deal  was  reported  to  the  United  States  at  the  time  it  was  negotiated 
and  although  there  were  objections,  Washington  did  not  pressure  Israel  to  cancel  it.  Because 
the  Harpy  was  a  system  wholly  designed  and  produced  by  Israel  there  was  no  basis  to  block 
the  sale  on  the  grounds  of  illicit  technology  transfer.  It  was  only  when  China  sent  its  Harpy 
inventory  back  to  Israel  for  service  and  repair  in  2004  that  the  United  States  objected.  The  Bush 
administration  claimed  that  the  true  purpose  was  to  upgrade  the  systems  with  new  sensors  that 
could  detect  radar  emitters  even  when  they  are  not  actively  transmitting  a  signal.138  Taiwan  was 
reportedly  already  in  possession  of  the  new,  upgraded  Harpy.139 

Concerned  about  the  threat  the  Harpy  posed  in  the  case  of  a  Taiwan  scenario,  the  United 
States  demanded  that  Israel  not  return  the  drones  that  China  had  already  purchased  and  thus 
legally  owned.  What  finally  happened  to  Chinas  Harpy  aircraft  remains  unclear  (at  least  in  open 
source  material).140  Israel  did  refund  China  a  considerable  sum  of  money  related  to  the  UAV  up¬ 
grade  indicating  that  some  part  of  the  work  was  not  completed,  though  whether  this  included 
technical  upgrades  (as  Washington  claimed)  or  routine  maintenance  is  still  unknown.141  There 
is  also  the  possibility  that  Israel  confiscated  Harpy  components  and  paid  China  off  in  order  to 
mitigate  political  fall-out  over  the  incident.  Whatever  the  case,  the  Harpy  episode  marked  the 
last  significant  military  aviation  transfer  between  Beijing  and  Jerusalem.  It  also  had  negative 
repercussions  for  U.S. -Israeli  relations:  Amos  Yaron,  Director  General  of  Israel’s  Ministry  of 
Defense,  resigned  after  the  incident. 

Ukraine  also  emerged  as  a  source  of  advanced  military  aviation  technology  during  this 
period.  It  has  not  played  as  prominent  a  role  in  equipping  the  PLAAF  as  has  Russia,  but  Ukraine 
has  served  as  an  important  conduit  for  Russian  military  hardware  that  China  has  been  unable 
to  procure  directly.  In  2000-2001,  the  Ukrainian  firm  Progress  reportedly  supplied  both  Iran 
and  China  with  Soviet  Kh-55  cruise  missiles,  which  have  an  active  range  of  3,000  kilometers 
and  can  be  armed  with  both  nuclear  and  conventional  warheads.142  The  highly  accurate  guid¬ 
ance  system  used  in  the  Kh-55  was  more  advanced  than  anything  China  was  producing  in¬ 
digenously  at  the  time,  and  expanded  the  capability  of  its  aged  bomber  fleet  (the  Kh-55  is  an 
air-to-surface  missile  fired  solely  from  bomber  platforms).  Around  this  time  China  also  gained 
access  to  a  single  Su-33  (air  frame  T-10K-7)  prototype  from  Ukraine.143  China  has  used  this 
aircraft  as  a  template  for  its  J— 15  naval  fighter,  which  is  reported  to  have  made  a  successful  test 
flight  in  August  2009. 144 
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From  1989  to  2004,  China  actively  pursued  acquisition  of  advanced  aircraft  and  aviation 
technology  from  Russia,  Ukraine,  and  Israel;  used  a  combination  of  coproduction  and  reverse 
engineering  to  make  advances  in  subsystem  design  and  manufacturing;  and  came  up  with  inno¬ 
vations  in  its  own  capacity  to  build  fighter  aircraft  at  least  partially  based  on  indigenous  design. 
China  also  appears  to  have  greatly  expanded  its  efforts  to  steal  restricted  technologies  by  way  of 
industrial  espionage  using  both  traditional  and  computer  network  intrusion  techniques.  While 
there  are  few  documented  examples  citing  fighter  aircraft  technology,  there  are  a  number  of 
cases  where  China  obtained,  or  attempted  to  obtain,  restricted  dual-use  technologies  from  the 
United  States  using  surreptitious  means.  By  1993  approximately  50  percent  of  the  900  technolo¬ 
gy  transfer  cases  handled  by  U.S.  federal  law  enforcement  agencies  involved  the  Chinese.145  Cas¬ 
es  of  cyber  espionage  that  track  back  to  China  provide  more  detail  about  the  types  of  military 
aviation-related  technical  data  attackers  are  after.  It  should  be  noted  that  the  relative  anonymity 
afforded  cyber  attackers  often  leads  to  problems  of  attribution.  Forensic  investigators  can  trace 
the  origin  of  a  certain  exploit  back  to  a  computer  server  in  China,  for  example,  but  the  attacker 
might  be  using  Chinese  commercial  networks,  which  are  notoriously  porous,  as  an  intermedi¬ 
ary  point.  We  therefore  only  cite  examples  where  evidence  exists  linking  the  source  of  espionage 
attempts  to  China,  and  suggests  the  involvement  of  the  military  or  intelligence  organizations. 

Although  the  intrusions  did  not  target  fighter  technology,  the  2004  attacks  on  a  number 
of  computer  networks  belonging  to  the  U.S.  military  and  defense  contractors  that  came  to  be 
known  as  Titan  Rain  were  definitively  traced  back  to  a  location  in  Guangdong  Province  by  a 
computer  specialist  working  at  Sandia  National  Laboratories  in  New  Mexico.  The  specialist,  a 
former  U.S.  military  intelligence  officer,  surreptitiously  monitored  the  activities  of  the  attackers 
after  the  Sandia  networks  he  was  responsible  for  safeguarding  were  attacked.  He  discovered  an 
operation  that  involved  20  or  more  individuals  connecting  through  three  separate  end  nodes  in 
Guangdong.  While  this  is  not  hard  proof  of  a  Chinese  military  or  intelligence  operation,  the  sort 
of  data  being  targeted  suggests  a  military  end  user.  The  attackers  reportedly  breached  the  sys¬ 
tems  of  the  Redstone  Arsenal,  home  of  Army  Aviation  and  Missile  command,  and  stole  techni¬ 
cal  data  for  the  mission  planning  system  used  by  U.S.  Army  helicopters,  as  well  the  Falconview 
3.2  flight  planning  software  used  by  both  the  U.S.  Army  and  Air  Force.146 

Chinese  cyber  espionage  operations  aimed  at  extracting  sensitive  technical  data  began  in 
the  period  under  consideration  (1989-2004),  and  expanded  rapidly  in  terms  of  both  volume 
and  sophistication  since.  In  a  2009  case,  computer  networks  belonging  to  at  least  one  defense 
contractor  working  on  the  F-35  Joint  Strike  Fighter  program  were  reportedly  compromised, 
giving  intruders  access  to  Pentagon  computer  systems  that  contained  sensitive,  though  not  clas- 
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sified,  data  on  the  J-35’s  design,  performance,  and  electronics  systems.  There  is  not  as  much 
evidence  linking  this  exploit  to  Chinese  attackers,  but  U.S.  officials  interviewed  about  the  breach 
reported  that  it  had  been  traced  to  China  and  bore  the  hallmark  of  a  state-sponsored  opera¬ 
tion.147  In  this  particular  case,  the  stolen  information  could  not  be  used  to  reverse  engineer  F-35 
systems,  but  could  have  been  helpful  in  learning  how  to  better  defend  against  them. 

This  paper  has  examined  the  evolution  of  Chinas  military  aviation  industry  over  the 
decades  and  discussed  the  various  procurement  strategies  it  has  used  at  different  points  in 
time.  The  approach  has  been  based  on  four  main  variables:  (1)  the  state  of  Chinas  domestic 
economy,  in  particular  the  state  of  its  technological  and  industrial  base;  (2)  the  technologi¬ 
cal  capacity  of  Chinas  military  aviation  sector;  (3)  the  willingness  of  foreign  countries  to  sell 
China  advanced  military  aircraft,  key  components,  armaments,  and  related  production  tech¬ 
nology;  and  (4)  Chinas  bargaining  power  vis-a-vis  potential  sellers  of  military  aircraft  and 
aviation  technology.  Between  1989  and  2004  China  was  able  to  diversify  avenues  of  aviation 
technology  procurement.  Expansion  occurred  as  a  result  of  favorable  developments  across 
each  of  the  four  main  variables.  Chinas  civilian  technology  base  grew  as  a  result  of  trade 
and  foreign  investment,  generating  access  to  dual-use  technologies  which  the  military  avia¬ 
tion  sector  leveraged  to  improve  design  and  production  capacity.  Rapprochement  with  Russia 
once  again  gave  China  access  to  advanced  military  hardware  that  was  blocked  by  Western 
embargoes  post-Tiananmen.  Moreover,  Chinas  newfound  economic  clout  afforded  it  a  much 
stronger  negotiating  position  with  a  Russian  state  that  faced  myriad  economic  difficulties  af¬ 
ter  the  Soviet  collapse.  Defense  cooperation  with  Israel,  though  ultimately  problematic,  pro¬ 
vided  China  a  window  of  access  to  technical  knowledge  and  design  expertise  which  moved 
its  aviation  industry  forward.  Engagement  with  the  outside  world  resulted  in  an  increased 
Chinese  presence  abroad,  providing  avenues  to  restricted  military  technologies  via  espionage. 
Finally,  cyber  espionage  emerged  in  the  later  part  of  this  time  period  as  a  new  vector  for  the 
extraction  of  data  related  to  restricted  military  aviation  technologies. 
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Looking  Forward:  Chinese  Military  Aviation  Technology  Procurement 
(2004-Present) 


Reverse 

Engineer 

J— 15:  Chinese  Su-33 
(2009) 

Steal 

China  successfully 
exfiltrates  terabytes  of 
data  on  U.S.  Joint  Strike 
fighter  electronics 
systems  (2007-2008) 

Build 

J— 10  enters  PLAAF 
service  (2006) 

J-11B  enters  PLAAF 
service  (2008) 

J— 20  flight  test  (2011) 

Building 

Chinas  overall  economic  development  continues  to  progress  rapidly,  both  in  terms  of 
growth  and  technological  sophistication.  Investment  by  developed  countries,  imports  of  so¬ 
phisticated  production  technology,  and  indigenous  production  have  created  an  advanced- 
Chinese  economy  that  approaches  world-class  standards  in  many  areas.  Chinese  companies 
do  not  necessarily  have  full  knowledge  of  all  the  advanced  technologies  embodied  in  equip¬ 
ment  operated  on  Chinese  territory,  but  the  situation  has  changed  fundamentally.  The  gov¬ 
ernment’s  focus  on  developing  indigenous  innovation  with  Chinese  characteristics  ( zizhu  ch- 
uangxin)  emphasizes  the  importance  of  foreign  technology  and  knowledge  in  moving  Chinas 
overall  level  of  industrial  and  scientific  development  forward.  The  most  recent  iteration  of 
the  Medium-  and  Long-Term  Science  and  Technology  Development  Plan  (MLP),  released  in 
2006,  outlines  a  path  to  “promote  original  innovations  by  reassembling  existing  technologies 
in  different  ways  to  produce  new  breakthroughs  and  absorb  and  upgrade  foreign  technolo¬ 
gies.”148  The  idea  at  the  core  of  this  approach  is  to  assimilate  and  absorb  preexisting  foreign 
technologies  and  in  the  process  of  merging  them  with  domestic  technologies,  realize  new 
breakthroughs  and  improvements.149  The  decision  of  many  advanced  Western  companies 
to  locate  technology  R&D  labs  in  China  has  led  to  an  improvement  of  Chinas  technology 
knowledge  base  which  has  in  turn  enabled  overall  economic  progress. 

This  economic  progress  has  benefited  the  Chinese  defense  industry  in  general  and  the 
military  aviation  industry  in  particular.  Globalization  has  increased  Chinas  access  to  technolo¬ 
gies  originally  developed  by  the  West  for  military  applications,  and  then  applied  widely  for 


43 


China  Strategic  Perspectives,  No.  4 


civilian  purposes.  This  allows  China  to  benefit  from  a  “spin-off,  spin-on”  dynamic  to  apply 
these  technologies  to  its  defense  industries.  Advances  in  information  technology  (IT)  and  com¬ 
munications  technology  are  providing  new  design  tools  and  the  basis  for  improved  avionics 
systems  that  can  be  applied  to  Chinese  fighters.  Key  companies  in  this  sector  such  as  Huawei 
and  Julong  were  founded  by  ex-PLA  officers  and  are  closely  tied  to  the  Chinese  defense  indus¬ 
try.150  China  has  been  involved  in  commercial  joint  ventures  with  Western  aviation  companies 
since  the  1980s,  producing  subassemblies  and  parts  for  civilian  aircraft  and  has  continued  to 
expand  its  role  in  the  global  aviation  supply  and  production  chain.  However,  unlike  the  IT  sec¬ 
tor,  there  have  been  relatively  few  opportunities  for  Chinese  civil/military  aviation  integration 
and  technology  sharing.151  This  is  partly  due  to  the  limited  applicability  of  civilian  aviation  tech¬ 
nologies  for  military  use.  Compartmentalization  also  prevents  useful  transfers  of  personnel, 
knowledge  of  production  practices,  and  materials.  Commercial  and  military  aviation  projects 
are  conducted  by  different  enterprises  on  different  production  lines  with  apparently  little  or  no 
interaction  on  areas  that  might  be  of  common  interest.152  There  are  a  few  isolated  cases  where 
technologies  and  process  improvements  derived  from  civilian  production  may  spill  over  to  the 
military  side,  but  this  is  not  an  institutional  feature  of  the  Chinese  aviation  industry 153  Despite 
these  inefficiencies  and  continuing  problems,  the  Chinese  military  aviation  industry’s  ability  to 
“build”  a  more  sophisticated  PLAAF  has  advanced  significantly. 

Chinas  potential  to  continue  to  “build”  its  way  to  a  more  sophisticated  air  force  in  the 
future  depends  on  the  degree  to  which  it  will  be  able  to  meet  its  indigenous  innovation  ob¬ 
jectives,  which  continue  to  depend  on  access  to  advanced  foreign  technologies.  Examples 
of  true  indigenous  innovation  are  still  few  and  far  between.  Even  with  the  benefit  of  “fol¬ 
lower’s  advantage,”  Chinese  military  aviation  is  still  unable  to  copy  some  subsystems  at  a  level 
equivalent  to  those  of  the  original.  Continuing  limitations  are  most  apparent  in  the  industry’s 
inability  to  design  a  turbofan  engine  that  meets  the  requirements  of  its  fleet  of  indigenously 
produced  advanced  fighters.  In  April  2009,  the  head  of  Aviation  Industries  of  China  (AVIC), 
Mr.  Lin  Zuoming,  admitted  that  the  WS-10A  (China’s  most  advanced  turbofan  at  the  time) 
was  still  “unsatisfactory  in  its  quality”  and  that  engine  production  for  military  aircraft  has 
been  a  “chronic  illness”  in  China’s  defense  industry.154  AVIC  is  investing  $1.5  billion  into  jet 
engine  research  and  development  to  try  to  overcome  persistent  problems  with  quality  control 
and  reliability.155 

Flight  tests  of  the  new  J— 20  stealth  fighter  may  reveal  whether  China  has  overcome  this 
hurdle.  Chinese  news  sources  reported  after  the  initial  test  flight  that  two  J— 20  prototypes  had 
been  produced,  one  with  a  Russian  engine  and  the  other  with  an  indigenously  produced  engine. 
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It  is  not  clear  which  engine  is  coupled  with  which  prototype.  Photographic  analysis  reveals  that 
the  exhaust  nozzles  of  one  prototype  are  “jointed  in  a  way  that  implies  thrust  vectoring  capa¬ 
bility.”156  China  has  been  using  the  thrust-vectored  Russian  AL-31FN-M1  in  its  two-seat  J— 10 
AS/BS  fighters  since  2006. 157  This  is  most  likely  the  engine  in  one  of  the  J— 20  prototypes,  al¬ 
though  there  is  speculation  that  the  production  model  will  be  powered  by  thrust-vectored  WS- 
10G  turbofans,  manufactured  by  the  Shenyang  Liming  Aircraft  Engine  Company.158  If  Chinese 
media  reports  are  accurate  and  one  prototype  sports  a  non-thrust  vector  capable  indigenous 
engine  (probably,  based  on  past  instances  where  Russian  and  Chinese  engines  were  simultane¬ 
ously  tested  in  the  same  model  aircraft),  this  engine  is  likely  some  version  of  the  WS-10.159 

The  unveiling  of  the  J— 20  is  the  most  significant  recent  event  for  Chinese  military  aviation. 
The  J— 20  prototype’s  maiden  flight  coincided  with  U.S.  Defense  Secretary  Robert  Gates’  Janu¬ 
ary  2011  visit  to  China.  Learning  of  the  successful  test  flight,  Gates  commented,  “They  may  be 
somewhat  further  ahead  in  the  development  of  that  aircraft  than  our  intelligence  had  earlier 
predicted.”  The  J— 20  reportedly  made  a  second  round  of  successful  test  flights  on  April  17,  2011, 
to  commemorate  the  sixtieth  anniversary  of  the  PLAAE160  Most  recently,  Chinese  military  blog¬ 
gers  posted  photos  of  the  J— 20  making  what  appears  to  be  a  third  and  fourth  set  of  test  flights.161 
The  fighter  is  expected  to  enter  into  service  with  the  PLAAF  between  2018  and  2020.  While  the 
development  of  J— 20  prototypes  is  a  significant  achievement  for  Chinese  military  aviation,  the 
flight  tests  provide  no  insight  into  whether  the  industry  is  any  closer  to  overcoming  its  engine 
impediment  or  whether  it  has  mastered  critical  challenges  in  avionics  and  radar.  J— 20  test  pilot 
Xu  Yongling  made  statements  to  the  Chinese  media  touting  technological  breakthroughs  em¬ 
bodied  in  the  fighter,  including  supersonic  cruise  capability.162  Publicly  available  data  on  the  test 
flights  does  not  provide  enough  evidence  to  support  Xu’s  assertion.  About  the  only  thing  that 
can  be  determined  from  them  is  that  China  can  produce  a  few  prototypes  of  an  aircraft  that 
appears  to  incorporate  some  stealth  technology  and  that  one  of  these  prototypes  can  be  flown 
for  a  short  period  of  time  without  crashing.  Interpreting  the  appearance  of  the  J— 20  as  proof 
that  China  is  right  on  the  heels  of  U.S.  military  aviation  capability  is  a  misinterpretation  of  the 
known  facts.  Russian  and  Western  military  aviation  experts  maintain  that  the  PLAAF  is  still  15 
to  20  years  behind  the  most  advanced  air  forces  in  terms  of  equipment.163 

Buying 

Given  continuing  limitations  in  China’s  domestic  military  aviation  industry,  the  PLAAF’s 
ability  to  compete  on  an  equal  footing  with  the  most  advanced  air  forces  will  rest  on  China’s 
ability  to  purchase,  acquire,  or  codevelop  advanced  military  aviation  technology  from  foreign 
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sources  or  partners.  This  access  maybe  problematic.  The  United  States  is  likely  to  continue  to 
ban  arms  exports  to  China  and  to  restrict  the  transfer  of  advanced  military  technologies.  U.S. 
pressure  on  the  European  Union  to  maintain  its  ban  on  arms  sales  and  on  European  countries 
and  Israel  to  restrict  the  transfer  of  advanced  military  technologies  will  likely  continue  to 
restrict  Chinese  access  from  these  countries.  Ukraine  has  served  as  an  important  secondary 
point  of  access  for  Russian  military  aviation  technology  in  the  past,  but  its  military  aviation 
design  and  production  capability  lie  primarily  in  the  area  of  transport  aircraft,  limiting  its 
ability  to  provide  state-of-the-art  fighter  technologies.  Ukrainian  aerospace  cooperation  with 
China  in  recent  years  has  focused  primarily  on  civilian  projects  and  military  transports.  The 
Ukrainian  aviation  firm  Antonov  signed  an  agreement  with  AVIC  II  in  1997  to  help  China 
develop  a  large  transport  aircraft  and  to  assist  in  the  design  of  light-  and  medium-sized  trans¬ 
port  platforms.  Antonov  has  also  agreed  to  improve  the  PLAAF’s  existing  fleet  of  Y-8  turbo¬ 
prop  aircraft.164 

This  leaves  Russia  as  the  only  plausible  source  of  advanced  fighter  aircraft  and  aviation  tech¬ 
nologies.  Military  aviation  technology  transfer  is  a  key  component  of  Sino-Russian  relations.  As 
this  study  has  documented,  the  relative  bargaining  power  of  the  two  countries  has  shifted  over 
time  as  a  function  of  economic  status,  threat  perceptions,  and  shifts  in  the  broader  geostrategic 
landscape.  The  terms  of  transfer  have  been  based  on  a  calculus  of  dependence  and  risk. 

Chinas  decision  to  violate  the  Su-27/J-ll  coproduction  contract  in  2004  was  an  important 
factor  influencing  Russian  decisionmaking  on  military  aviation  transfers  to  China.  The  official  Chi¬ 
nese  explanation,  proffered  only  after  Russia  discovered  that  China  was  developing  an  indigenized 
J- 1 1 ,  was  that  the  Su-27  no  longer  met  the  needs  of  the  PLAAF.  China  was  clearly  aware  that  its  de¬ 
cision  to  violate  the  contract  with  Russia  would  create  strains  in  the  relationship  and  might  threaten 
Russia’s  willingness  to  sell  additional  fighter  aircraft  or  components,  yet  it  went  ahead  anyway  This 
decision  may  have  reflected  Chinas  confidence  that  its  domestic  aviation  industry  could  meet  cur¬ 
rent  and  future  aircraft  needs  of  the  PLAAF  through  indigenous  development  without  Russian  as¬ 
sistance.  Alternatively,  it  may  have  reflected  the  belief  based  on  experience  that  the  Russian  reaction 
would  be  minimal  and  would  not  impede  future  technology  cooperation. 

China  may  have  miscalculated  the  scope  of  Moscow’s  reaction  to  the  aborted  Flanker  deal, 
possibly  due  to  the  belief  that  Russia  was  more  reliant  on  China  as  a  buyer  than  China  was  on 
Russia  as  a  seller.  There  is  obviously  a  much  larger  dimension  to  Sino-Russian  relations  than 
one  failed  weapons  system  deal,  but  the  Russian  side  has  cited  repeatedly  China’s  2004  contract 
breach  as  a  reason  it  is  reluctant  to  enter  into  another  aircraft  coproduction  agreement  with  Bei¬ 
jing.  It  was  likely  a  contributing  factor  in  the  stalled  deal  for  China  to  purchase  additional  11-76/ 
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CANDID  heavy  transports  and  11-78/MIDAS  tankers  to  extend  the  range  of  its  Russian  fighters. 
Chinas  primary  indigenous  in-flight  refueling  platform,  the  H-6U  tanker,  has  significant  limi¬ 
tations  in  that  it  holds  only  37,000  pounds  of  transferable  fuel  (PLAAF  analysis  calls  for  a  plat¬ 
form  capable  of  holding  80,000-100,000  pounds),  and  cannot  be  used  to  refuel  Chinas  Su-30 
fighters.165  On  the  other  hand,  Russia  has  continued  to  sell  China  S-300  surface-to-air  missile 
systems  and  large  quantities  of  advanced  turbojet  engines.  Moscow  also  announced  in  Novem¬ 
ber  2010  its  willingness  to  sell  China  the  Su-35  fighter,  which  it  bills  as  “fourth  generation  plus”: 
a  fourth -generation  fighter  that  incorporates  some  fifth-generation  technologies.166  According 
to  Sukhoi,  the  Su-35  will  see  a  10-year  production  run  (through  2020)  and  be  available  for 
foreign  purchase  in  2011.  Russia  has  not  expressed  interest  in  a  coproduction  agreement  with 
China  on  the  aircraft,  nor  is  it  likely  to.  In  order  to  maintain  control  of  its  most  advanced  avia¬ 
tion  technologies,  Russia  will  likely  offer  a  watered-down  export  version  of  the  Su-35,  possibly 
choosing  to  sell  clients  like  India  a  more  capable  variant  than  China.167 

A  relationship  of  mutual  advantage  still  exists,  at  least  for  now;  each  side’s  perception  of  its 
interests  and  relative  bargaining  power  will  influence  how  much  cooperation  occurs  and  on  what 
terms.  A  stronger  Russian  state  under  Putin  has  managed  to  rein  in  much  of  the  economic  chaos 
that  plagued  Russia  during  the  Yeltsin  years  and  re-exert  centralized  control  over  many  issues,  in¬ 
cluding  arms  sales  and  technology  transfers.  The  ability  of  Russian  leaders  to  maintain  economic 
growth  and  political  stability  in  the  face  of  fluctuating  energy  prices,  systemic  corruption,  and 
limited  economic  reforms  will  affect  Russia’s  long-term  bargaining  power  vis-a-vis  China.168 

Conclusion 

The  Chinese  military  aviation  industry  is  now  capable  of  producing  two  fourth-generation 
fighters  roughly  equal  to  those  operated  by  the  most  advanced  air  forces:  the  J— 10  (indigenously 
developed  with  Israeli  assistance)  and  the  J-11B  (based  on  coproduction  and  reverse  engineer¬ 
ing  of  the  Su-27).  The  J— 15  naval  fighter  (based  on  reverse  engineering  of  the  Su-33),  which  was 
successfully  test  flown  in  2009  and  is  likely  to  enter  serial  production  in  the  next  3  to  5  years,  will 
give  China  a  capable  fourth -generation  fighter  that  can  be  operated  from  aboard  aircraft  carri¬ 
ers.  China  also  now  operates  functional  AEW&C  systems  in  the  KJ-200  and  KJ-2000,  though 
the  technical  sophistication  of  these  systems  falls  well  short  of  systems  fielded  by  the  world’s 
most  advanced  air  forces.  Test  flights  of  the  new  J— 20  stealth  fighter  prototype  demonstrate  Chi¬ 
nese  ambitions  to  build  fifth-generation  fighters,  though  the  extent  to  which  the  J— 20  will  match 
the  performance  of  state-of-the-art  Russian  and  Western  fighters  is  unclear.  Significant  hurdles 
in  engine  design,  avionics,  and  systems  integration  are  likely  to  delay  operational  deployment 
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of  the  J— 20  until  around  2020.  This  would  be  15  years  after  the  F-22  entered  service  with  the 
U.S.  Air  Force,  supporting  the  overall  assessment  that  the  Chinese  military  aviation  industry 
remains  15-20  years  behind. 

Over  the  last  20  years,  China  has  benefited  significantly  from  “follower’s  advantage.”  Its 
military  aviation  industry  has  accessed  the  innovations  of  others  via  coproduction,  espionage, 
and  reverse  engineering  while  making  limited  developments  in  genuinely  new  technology.  In 
order  to  bridge  the  technology  gap,  Chinas  military  aviation  industry  will  have  to  develop  the 
capacity  to  master  dual-use  and  especially  militarily  unique  technologies  that  go  into  state- 
of-the-art  fighter  aircraft  components.  It  will  also  have  to  develop  the  competence  in  systems 
integration  to  make  the  complex  components  work  together.  Developed  countries  with  more 
advanced  techno-industrial  bases  than  China,  like  Japan  and  Taiwan,  have  struggled  to  achieve 
the  systems  integration  know-how  necessary  to  produce  cutting-edge  fighter  aircraft.  The  abili¬ 
ty  to  reach  the  technology  frontier  across  a  range  of  related  civilian  and  dual-use  modalities  (for 
example,  Japans  space  program)  is  not  necessarily  transferable  to  the  military  aviation  realm. 
Even  if  the  technical  knowledge  and  industrial  capacity  exist,  opportunity  costs  involved  with 
developing  single-use  military  technologies  might  prove  too  great.  Further  Chinese  integration 
into  the  global  economy  will  increase  its  capacity  to  develop  and  apply  dual-use  technologies, 
but  legitimate  access  to  “single-use”  military  specific  technologies  will  remain  problematic. 

Restrictions  on  advanced  Western  military  technologies  are  likely  to  remain  in  place, 
leaving  Russia  as  the  only  viable  source.  China  remains  dependent  in  the  near  term  on  access 
to  Russian  engines  to  power  its  indigenous  fourth-generation  fighters,169  Russian  spare  parts 
for  its  inventory  of  Su-27  and  Su-30  fighters,  and  Russian  advanced  surface-to-air  missiles. 
The  overall  state  of  the  Sino-Russian  relationship  will  shape  what  systems  and  technologies 
Russia  is  willing  to  transfer  to  China,  and  the  bargaining  power  between  Russia  and  China 
will  influence  whether  transfers  take  place  in  the  form  of  sales  of  aircraft  and  complete  com¬ 
ponents,  coproduction  of  aircraft  and  components,  or  codevelopment  of  new  aircraft  and 
technologies.  Russia’s  significant  concerns  about  China  as  a  potential  strategic  competitor 
and  rival  in  the  fighter  export  market  suggest  that  Russia  will  seek  to  maintain  a  degree  of 
control  and  leverage  by  supplying  complete  aircraft  and  components  rather  than  transferring 
advanced  technologies,  which  is  China’s  preference.  Paradoxically,  the  development  of  Chi¬ 
na’s  aviation  industry  to  the  point  where  it  can  participate  in  aviation  technology  and  fighter 
aircraft  codevelopment  efforts  on  a  more  equal  footing  will  likely  make  Russia  less  willing  to 
engage  in  such  cooperation.  Russia’s  improved  bargaining  position  as  the  sole  source  poten- 
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tially  willing  to  provide  China  with  advanced  aviation  technology  will  likely  allow  Russia  to 
exert  more  control  over  the  aircraft  and  technologies  it  decides  to  sell. 

Advanced  technology  is  a  key  factor  in  the  performance  of  state-of-the-art  military  fight¬ 
ers.  Many  relevant  technologies  have  equivalent  applications  in  the  civilian  sector  and  can  be 
acquired  legitimately  in  the  global  technology  marketplace.  But  advanced  fighters  (especially 
fifth- generation  aircraft)  also  incorporate  a  number  of  unique  single-use  technologies  devel¬ 
oped  solely  for  their  military  applications  that  are  not  readily  available  on  the  commercial  mar¬ 
ket.  The  likelihood  that  China  will  have  no  foreign  source  of  advanced  military  aviation  tech¬ 
nology  supports  two  important  conclusions.  First,  the  Chinese  military  aviation  industry  will 
have  to  rely  primarily  on  indigenous  development  of  advanced  “single-use”  military  aviation 
technologies  in  the  future.  The  Chinese  government  is  pursuing  a  range  of  “indigenous  innova¬ 
tion”  and  technology  development  programs,  but  mastering  advanced  technologies  becomes 
more  difficult  and  expensive  as  a  country  moves  closer  to  the  technology  frontier.  This  leads  to 
a  second,  related  conclusion:  China  will  likely  rely  more  heavily  on  espionage  to  acquire  those 
critical  military  aviation  technologies  it  cannot  acquire  legitimately  from  foreign  suppliers  or 
develop  on  its  own. 
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